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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)

. UNITS OF MEASUREMENT

[

o U. S. customary units of measurement used in this report can be converted to
‘.~: metric (SI) units as follows:

o~

o Multiply By To Obtain
) cubic feet per second 0.02831685 cubic metres per second
;::: cubic yards 0.7645549 cubic metres

<

N feet 0.3048 metres

::f; feet per second 0.3048 metres per second
’ miles (U. S. statute) 1.609344 kilometres
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COLUMBIA RIVER ESTUARY HYBRID MODEL STUDIES

ENTRANCE CHANNEL TESTS

PART I: INTRODUCTION

Objectives

1. The hybrid model studies of the Columbia River estuary entrance were
performed to determine the effects of several potential improvement plans on
navigation channel shoaling and tides, currents, and salinities in the estu-

ary. This report describes the plans tested and presents model results.

Background

2. The U. S. Army Engineer District, Portland, dredges about 4 million
cu yd (mcy)* of sediment from the Columbia River estuary entrance channel each
year. Hybrid modeling studies have been performed to provide information that
will help to design measures to reduce present shoaling rates and minimize
shoaling if the channel is deepened.

3. The tests described herein are part of a complete modeling program
for the estuary. Other work performed in support of this program is reported
separately. McAnally and Donnell (in preparation) described the field data
collection effort, and Donnell and McAnally (in preparation) have analyzed a
portion of the field data. A detailed description of the modeling method and
verification of the entrance models is given by McAnally et al. (in prepara-
tion). Subsequent U. S. Army Engineer Waterways Experiment Station (WES) re-

ports will present results of other model studies of the estuary.

Modeling Technique

4. The Columbia hybrid modeling system developed at WES consists of a

large-scale physical model of the estuary, a numerical model for wave

% A table of factors for converting U. S. customary units of measurement to
metric (SI) units is presented on page 3.
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propagation, a numerical, two-dimensional hydrodynamic model (RMA-2V), a nu-
S merical, two-dimensional sediment transport model (STUDH), a number of analyt-

ical techniques, and a data management system. The hybrid method employs each

of these tools in an integrated fashion to provide predictions of estuarine

(s

behavior that are superior to those of any single model, and represents the

b N

£ T

most sophisticated tool available today for solution of estuarine sedimenta-

-
)
()

tion problems.
5. Briefly, the hybrid method employed the physical model to predict
water levels and current velocities caused by tides, riverflow, and salinity-

induced density currents. The numerical hydrodynamic model interpolated the

SAAGES &
..‘..‘., 'A .~’ ] : .

4
.

water levels and currents in space to provide input data to the numerical sedi-
ment model. The wave model refracted and diffracted deepwater ocean waves

into the entrance area, and an analytical technique was used to predict long-
shore currents. Five combinations of waves and current data were used to

drive the sediment model.
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PART II: TEST DESCRIPTIONS

6. Fifteen entrance channel (Figure 1) plans were tested involving
three channel design depths--48, 55, and 60 ft--and several structural ar-
rangements. A summary of the plans is given in Table 1. Hydrodynamic, shoal-

ing, and salinity tests were performed for existing conditions and each plan.

FPEACOCK (5
s SPITE

' CAPE 2 3
DISAPPOINTMENT X &2 " SAND 2

:, ISLAND .:'.

-&— RIVER MILE

SCALES

0 3000 FT
PROTOTYPE max——mmm

0 6 FT

MODEL sa——wmm

Figure 1. Mouth of the Columbia River entrance channel

Test Conditions

7. All of the above tests were conducted with a mean tide (8.5-ft range
at the north jetty) and a source salinity concentration of 33.0 ppt. Freshwater
discharges at the upper end of the physical model (Columbia River mile 53)
varied in the early stages of plan testing from 140,000 to 550,000 cfs with
intermediate discharges of 220,000 and 300,000 cfs. North jetty plan testing
was conducted with each of the four above discharges; however, midway through
the south jetty test series it was decided (based primarily on time and cost)
to test with a single freshwater inflow of 300,000 cfs. Thereafter, all

hydraulic tests were conducted for only the 300,000-cfs freshwater inflow.
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All salinity tests reported herein were conducted with a 140,000-cfs fresh-

water inflow condition.

Ve TaT N

8. The sediment model was run for five events (combinations of hydro-

(T TR PP A WS

dynamic conditions that were used to produce a typical year's shoaling results.

£

The statistical derivation of the events and their accumulation into a year

L-
¥

are described in the verification report (McAnally et al., in preparation).

RS N TR

The base and plan tests were performed with the same set of events used in the
verification tests. The events were for a river discharge (at river mile 53)
of 300,000 cfs, a tide range of 8.5 ft at the north jetty, and wave conditions ;
shown in the following tabulation. %
Wave Wave 1
Height Wave Period Duration
ft Direction sec days g
-- None -- 139 ‘
10 SwW 10 56
10 w 10 112
10 NW 10 57
20 Sw 15 1

9. As was done in the model verification, each of the above events was
run separately in the numerical model, then the results from each were assem-
bled by the computer code ACE to yield a typical year's shoaling and dredging.
The physical and numerical models were tested with the design channel depth
(48, 55, or 60 ft) installed. During event accumulation by ACE, 2 ft over-
depth dredging was applied.

Plans Tested

48-ft channel tests ?
10. The existing 48-ft-deep (mllw) by 2,640-ft-wide channel along with

the existing north and south jetty conditions was installed during both veri-

fication and base tests. Neither the north nor south jetties have been built

P )lLA_“m__L;_" + 4’

to their full authorized length. Both jetties have suffered some deteriora-

tion resulting in still shorter lengths of continuous jetty. For the base o
tests described here, the jetties were constructed to conform with conditions Eﬂ
surveyed in 1976. In addition to the base test (existing channel and jetties), y
several proposed plans were conducted with the existing 48-ft channel f%
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condition. These included: (a) north jetty authorized length (Plan Al);

(b) north jetty degraded length (Plan A2); (c) south jetty authorized length
(Plan B1); (d) south jetty degraded length (Plan B2); (e) south jetty partial
rehabilitation (Plan Bé); and (f) two jetty B plans (Plans FO and F1). North
and south jetty plans are shown in Plates 1 and 2, respectively. North jetty
Plan Al extended the existing jetty approximately 1,372 ft seaward, while
Plan A2 reduced the existing jetty length by about 597 ft. North jetty

Plans Bl and B3 extended the jetty seaward from existing conditions by about
3,497 ft and 1,745 ft, respectively. Plan B2 reduced the effective length of
the jetty by about 1,719 ft. The jetty B plans were as follows: (a) jetty B
with a crown elevation above mhhw (+18 ft mllw) and a length of 4,106 ft
(Plan FO0); and (b) jetty B with a crown elevation submerged to elevation

-10 ft mllw and a length of 4,106 ft (Plan F1). Dimensions and other infor-
mation on the above jetty B plans are shown in Plate 3. Jetty B is autho-
rized but not built.

55-ft channel tests

11. The 55-ft channel study involved three deepening only plans
(Plate 4), one deepening and realignment plan, and three jetty B plans.

Plan CO was the basic 55-ft channel and varied from the authorized 48-ft chan-
nel only in depth. The second 55-ft channel (Plan C1) was the same as Plan CO
from the seaward end of the channel to mile 1, at which _oint the channel be-
gan a transition from a 55- to a 48-ft depth. The transition from the 55-ft
depth to the 48-ft depth was achieved at a rate of a 1-ft decrease in depth
for every 200 ft along the channel axis, or a total aistance of 1,400 ft (pro-
totype). Alignment and width remained the same as the authorized 48-ft chan-
nel. The third 55-ft channel plan (Plan C2) involved reducing the bottom
width from 2,640 to 2,000 ft. The reduction in width was achieved by filling
640 ft on the south side of the base 55-ft channel to the projected elevation
of shoaling that would occur without maintenance dredging.

12. The channel realignment plan (Plan I0) +-onsisted of deepening the
channel to 55 ft along the alignment shown in Plate 5. The farthest seaward
bend in the channel (about mile 0.5) was moved 1,040 ft downstream and the
outer portion of the channel was rotated northward 2°45'31".

13. The first of three 55-ft channel jetty B tests (Plate 6) was with
the base 55-ft channel of Plan CO and the full height and a 4,106-ft-long
jetty B (Plan GO). The second 55-ft jetty B test consisted of the base 55-ft
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channel, a revised jetty B, and a groin (Plan G1). The revised jetty B had a

crown elevation of -10 ft mllw and was 300 ft shorter than in Plan GO. The
1,533-ft-long groin was parallel to and 4,500 ft seaward of jetty B. The
third 55-ft channel and jetty B test (Plan G2) involved all the elements of
Plan Gl, together with the authorized south jetty.

60-ft channel tests

14. Two 60-ft channel conditions were tested as shown in Plate 7--the
first or base condition was with the existing north and south jetty conditions
and no structures installed (Plan HO); the second plan was a 60-ft channel to-
gether with a full length, submerged (-10 ft mllw) jetty B and the authorized
south jetty (Plan Hl1). The alignment and width of the 60-ft channel were the
same as the 48-ft-channel base condition (Plan AQ). The alignment, length,
and height of jetty B were the same as those in Plan Fl.

Model Revisions

Physical model

15. The various channel plans were installed in the physical model by
molding, in concrete, the specified nominal channel depth and alignment. Side
slopes of 1V on 3H were used. Model jetties and groin were constructed of im-

permeable cement grout to design top elevations, side slopes, and alignments.

Numerical model grids
16. The several plans were represented in the wave model's uniform grid

by the appropriate channel depths at computation points along the channel, and

b bt

by representing structures as a line of land cells along the jetty alignments.

A

17. In the finite element grid (Figure 2) used by the numerical hydro-
dynamic and sediment models, the north and south jetties were represented as o
impermeable walls with flow immediately adjacent to the jetty permitted to be 1‘
parallel to it (slip flow boundary). Elements near the ends of the north and
south jetties were rearranged for each plan test so that the jetty tips were
at the correct location as shown in Plates 1 and 2.

18. For the full height jetty B plans (Plans FO and G0), the jetty was 4
represented in the finite element grid by an impermeable wall with parallel

flow like that used for the north and south jetties. For the submerged

A‘...
FPGPDVOT I RN

jetty B plans (Plans F1, Gl1, and H1), the jetty was represented by an addi-

tional row of water elements along the jetty alignment. Bottom elevations at
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h Figure 2. Finite element grid for numerical models

- the nodes of the row of elements were set to -10 ft mllw. Since the numerical
hydrodynamic model assumed that vertical accelerations were negligible and did
e not represent the jetty as a sharply rising structure, an additional measure
e was required to more properly represent the flow field over the jetty. The

|- equation for flow over a weir was set equal to Manning's equation for flow
across the row of jetty elements. The resulting expression was solved for
values of Manning's roughness coefficient at a range of flows. From inspec-
tion of the range of coefficients, a Manning's n of 0.05 was selected and

applied to the submerged jetty B elements for input to RMA-2V.
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Miscellaneous Studies

19. The physical model was used to investigate several proposed plans
other than those entrance channel plans described above. Data resulting from
these miscellaneous studies were furnished to the Portland District office,
often with little or no analysis by WES personnel. Data collected from the
following miscellaneous studies are on file in the Portland District office
and at WES and are not included in this report.

Price Island-Brookfield Dike study

20. Time-lapse photography of surface current patterns and subsurface

current velocity measurements were made to determine the optimum dike field
arrangement.
Chinook Dike study

21. Time-lapse photography was used to determine the effects on surface

current patterns in the vicinity of Chinook Dike and the east entrance to
Baker Bay as a result of removing Chinook Dike.
Dredge Biddle study

22. Time-lapse movies and photography were used to monitor and record
the position of the dredge Biddle at given intervals of time after it collided
with another ship, resulting in a loss of power and anchor. Tests were con-
ducted with the Biddle released at two separate locations at several different
times during the tidal cycle. The tide occurring at the time of the accident
and approximate wave conditions were reproduced in the model for the tests.

Ilwaco Channel Dike study

23. Surface current pattern photographs showed effects of removing one
groin and a section of another groin from the center of the Ilwaco Channel
Dike.

Sand Island Gap closure study

24. Sand Island Gap was closed with a dike and surface current pattern

photographs were obtained and compared with base conditions to determine the
effects of the closure on current velocities and patterns throughout Baker
Bay.

Dredged material disposal
area sediment tracer tests

25. Time-lapse movies were made to trace the movement of simulated

dredged material from several presently used and proposed disposal areas.

11
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Areas investigated in the model included the following: areas C, D, E, and T,
and proposed areas at jetty A, Tongue Point, and Astoria Bridge. Bottom depth
current speed and direction were measured at each site to help define the di-

M rection of sediment movement from the sites.
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PART II1: TEST RESULTS AND ANALYSIS

Data Presented

26. Results of the model tests are presented as comparisons between
model plan data and model base data. Tidal elevation time-histories from the
physical model are presented for the north jetty (node 392), near Point Adams
(node 54), and near Chinook (node 849) as shown in Figure 3. Current veloci-
ties from the physical model are given for three depths at two stations

(nodes 127 and 286) on the navigation channel prism lines at the mouth, up-

stream in the navigation channel at node 160, and in the northern side channel
at node 823--all shown in Figure 3. Minimum, maximum, and hourly salinities
are presented for 14 stations (2-mile intervals) along the center line of the
navigation channel, 8 stations along the thalweg of the north channel, and at
4 stations located in the entrances to Baker and Young's Bays. Salinity sta-
tions are also shown in Figure 3.

27. Bottom flow predominances for sta 127 and 286 are given in Table 2
for each plan tested. The flow predominance is expressed as a percent of
total flow downstream. This parameter is obtained by first integrating the
bottom velocity time-history to obtain the areas subtended by the ebb and
flood portions of the curve. The percent down;tream is then computed as
100 times the ratio of the area subtended by the ebb portion of the curve to
the sum of the ebb and flood subtended areas of the curve. A value of 50 per-
cent indicates balanced ebb and flood flows, a value less than 50 percent in-
dicates predominantly flood flows, and a value greater than 50 percent indi-
cates predominantly ebb flows.

28. Shoaling results from the numerical model are presented in the form

of contour maps of bed change and volumes of shoaling material accumulating in

those elements making up the navigation channel in the computational mesh.

The computational mesh and the pertinent elements are shown in Figure 4.

Hydraulic Results (Physical Model)

48-ft channel tests

29. Effects of the north jetty, south jetty, and jetty B plans on tidal

B BRI IPAVERSANTE T

elevations and current velocities were measured in the physical model at the

4 a e
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NOTE: NUMBERED ELEMENTS DENOTE
NAVIGATION CHANNEL

Figure 4. Computational mesh with navigation channel elements

stations shown in Figure 3. Data from all of these stations were used to
drive the numerical model, and data from a few are presented in Plates 8-19 to

illustrate plan effects.

30. North jetty plans. The three north jetty plans were so similar

that after checking tides and currents near the jetty to determine that
changes were minor, the physical model base test data were used at other loca-
tions to drive the numerical model for all three plans. Plate 8 shows that
tidal elevations at sta 392, the only station measured, were essentially sim-
jilar. Velocities at sta 286 (Plate 9) were also similar except for a brief

period at each strength of flood when Plan Al exhibited higher speeds than the

15

.............

ek -

A -

e B o & a8 &




r e,
PR

—w—
o

F T
)

F @

PR Y WU TP Wy WP

base and Plan A2 tests. Velocities were not measured at sta 127, 160, or 823.
Bottom flow predominance for sta 826, shown in Table 2, did not change signif-
icantly in the north jetty plan tests.

31. South jetty studies. The three south jetty plans had minor impact

on tidal elevations (Plate 10) with discernible differences only at sta 392,
where a slight rise in mean tide level was observed for the plans and Plan Bl
exhibited a 30-min phase lag in the ebb phase following both high waters.

Sta 127 velocities (Plate 11) were not changed much except at the surface,
where ebb velocities were higher for Plan B2 and lower for Plans Bl and B3.
Thus the two longer south jetty plans reduced surface ebb velocities at

sta 127. Velocities at sta 286 (Plate 13) showed effects of the plans, but
the only consistent difference was at middepth, where Plan B3 exhibited higher
ebb velocities. Sta 160 and 823 velucities were not affected by the plans.
Bottom flow predominance at sta 127 and 286 (Table 2) show only minor differ-
ences between the plans, as one would expect from examining the velocity plots.

32. Jetty B plans. Tidal elevations at sta 392 (Plate 15) were some-

what higher for Plans FO and F1 than for the base, similar to the south jetty
plans. The other stations were unchanged. At sta 127 (Plate 16), Plan FO
exhibited consistently higher ebb velocities at both middepth and bottom while
Plan F1 showed virtually no change. At sta 286 (Plate 18) the only noticeable
differences were bottom ebb velocities lower than the base for both jetty B
plans. Sta 160 (Plate 17) showed no significant changes, hut sta 823

(Plate 19) surface ebb velocities were markedly sma)ler than the base for both
plans.

33. Plan FO caused a change in direction of the bottom flow predomi-
nance (Table 2) at sta 127, increasing it from 49 percent downstream to 57 per-
cent downstream. In contrast, at sta 286 the bottom flow predominance de-
creased from 47 percent downstream to 33 percent for Plan FO and 40 percent
for Plan F1. This indicates that both plans reduced the net seaward transport
of water in the north channel at sta 286.
55-ft channel tests

34. Hydraulic results for the 55-ft-deep entrance channel tests are

given in Table 2 and Plates 20-34.
35. Nonstructural plans. Plans CO, C1, and C2 had negligible effect on
tidal elevations as shown in Plate 20. At sta 127 (Plate 21), Plans CO and Cl

exhibited only slight decreases in ebb velocity; whereas Plan C2, in which the
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depth at sta 127 decreased, showed an expected increase in ebb velocities but
no real change in flood velocities. Sta 160 and 823 (Plates 22 and 24) ex-

perienced no significant change. Sta 286 (Plate 23) showed a slight reduction

LY W T JAR Y S .

from base surface and bottom ebb velocities.

36. Bottom flow predominances (Table 2) did not change much at sta 127
and 286. Only the drop from 47 percent downstream to 35 percent at sta 286
for Plan C2 is large enough to demonstrate a definite change in flow.

37. Plan 10, the channel realignment plan, was plotted with the

 a d ABBR 4 s

H-series plans to reduce the number of pages. Tides for Plan 10, plotted in

Plate 30, are changed from the base only at sta 392, where elevations precede

those of the base by about 1 hr and low waters are about 0.8 ft higher. There
is no ready explanation for the phase shift, and considering the minor change
in the channel, this result may be in error. Plan I0 velocities at sta 127
showed increased bottom ebb velocities (Plate 31), sta 160 showed no change
(Plate 32), sta 286 (Plate 33) exhibited only minor differences, and sta 823
(Plate 34) experienced slightly increased velocities. As shown in Table 2,
Plan 10 had essentially no effect on bottom flow predominances.

38. Structural plans. Tidal elevations and velocities for the G-series

plans are plotted with Plan CO results in Plates 25-29 to demonstrate the ef-

fect of the structural changes (jetty B and groin). Tides (Plate 25) were

virtually unchanged at the upstream stations, but at sta 392, Plan G2 can be

oy
ey

E seen to shift tidal elevations forward by about 30 min and raise the elevation

of higher high water. This was not observed in the F-series tests (jetty B
with the 48-ft channel); therefore the change must be due to construction of
the nearby groin. At sta 127 (Plate 26), the only notable change in veloci-
ties occurred with Plan GO, which increased ebb velocities at all depths, as
did Plan FO, the comparable 48-ft channel test. Similarly, at sta 286
(Plate 28), both Plans FO and GO reduced bottom ebb velocities. At sta 160
(Plate 27), no velocity changes were observed while at sta 823 (Plate 29), a

] small reduction in surface and middepth ebb velocities occurred.
4 39. As shown in Table 2, Plan GO had essentially the same effect on
flow predominances as Plan FO--increasing the percent of total flow downstream

to 56 percent at sta 127 and reducing it to 31 percent at sta 286. Plans Gl N

and G2 had a minor impact on flow predominances.
60-ft channel tests

40. Hydraulic results of the 60-ft channel studies are shown in

D T R
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Plates 30-34. For the first time, tides at sta 54 and 849 are seen to have
been affected by a plan. As shown in Plate 30, there is a slight but consis-
tent increase in tidal elevations at both stations. At sta 392, plan eleva-
tions precede those of the base test by about 15 min, and the mean tide level
elevation was raised by about half a foot. Bottom and middepth velocities at
sta 127 (Plate 31) were reduced somewhat, particularly on ebb. Bottom and
middepth ebb velocities were increased very slightly at sta 160 (Plate 32).
At sta 286 (Plate 33), small differences in velocities were observed, with a
slight trend toward reduced magnitudes., Plate 34 (sta 823) shows that ebb
velocities at the middepth and bottom were increased over the base by the
60-ft channel plans. Surface and middepth flood velocities at sta 823 also
were increased.

41. Table 2 shows that sta 127 flow predominances were reduced by the
H plans, with the lowest downstream predominance of any plan tested (38 per-
cent) recorded for Plan HO at that station. Sta 286 predominances were un-

affected by the plans.

Salinity Results

42. Effects of the various plans on salinity conditions are presented
as time-averaged and extreme value profiles in Plates 35-76. Station loca-
tions are shown in Figure 3.

48-ft channel tests

43, Effects of the north jetty, south jetty, and jetty B plans on sa-
linity values at 14 stations (2-mile intervals) along the center line of the
navigation channel, 8 stations along the thalweg of the north channel, and
4 stations located in the entrances to Baker and Young's Bays are shown in
Plates 35-55 and 70-76,

44. North jetty plans. Average salinities (average of surface, mid-

depth, and bottom depth over the entire tidal cycle) along the navigation
channel center line showed minor effects (Plate 35) resulting from the
A-series plans. The largest changes in average salinity occurred between
miles 2 and 10. Plan Al caused a small increase in average salinity values
(generally less than 1 ppt) from mile 2 to mile 6. The greatest increase was
about 1 ppt at mile 4. The greatest impact for Plan A2 was at mile 10 with a

1.6 ppt increase. Plan Al resulted in no salinity change upstream of mile 12,
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but Plan A2 increased salinity by about 0.5 ppt from mile 12 to mile 18.
Plate 36, average (over the tidal cycle) salinity profiles for surface, mid-
depth, and bottom depths, shows a slight increase in vertical mixing in the
entrance area for both plans (somewhat more change with Plan Al), as surface
and middepth salinities were increased slightly while bottom salinities were
decreased slightly.

45. Maximum and minimum salinity profiles (Plates 37 and 38) show, like
average salinity values, that maximum effects occurred generally between
= miles 2 and 10. Plan Al resulted in the greatest change--maximum salinity
{. values were slightly greater than base (48-ft channel), while minimum salinity
N values were slightly lower than base. The upstream extent of salinity intru-
F sion was unchanged by either plan.
: 46. Time and depth average salinity values along the thalweg of the

:5 north channel (Plate 39) showed a general increase of 1 to 2 ppt as a result

of the north jetty plans; however, no apparent increase in salinity was evi-
dent above mile 16. At two points along the channel, Plan Al showed small
decreases in average salinity concentrations. Plan A2 effected a greater in-
crease than did Plan Al, particularly at the middepth and bottom elevations
(Plate 40). Plan A2 maximum salinity values (Plate 41) were generally greater
than both base and Plan Al at middepth and bottom elevations, while generally
less than base and Plan Al at the surface (thus indicating less mixing for
Plan A2). Very little difference was noted in minimum salinity values for
both plans; however, minimum salinities for Plan Al were generally less than
those for base and Plan A2.

47. South jetty plans. Maximum effects of the south jetty plans, like

those of the north jetty, occurred in the entrance area and upstream to about
mile 12. Time and depth average salinity values in the navigation channel
(Plate 42) with each of the three plans installed were generally slightly
greater than base conditions. Plan Bl (authorized length) resulted in average
salinity values at four stations along the channel center line being lower
than base conditions. Plan B2 resulted in two stations along the channel
center line having lower average salinity values than base, while Plan B3
resulted in three locations along the channel having lower average salini-
ties than base conditions. Plan B2 generally resulted in greater increase in

average salinity, while Plan Bl showed a lesser effect on average salinity

increases. Time average salinity data at the middepth and bottom elevations
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(Plate 43) showed that average plan salinity values seaward of mile 3 were

generally lower than base conditions, while at the surface depth, plan salini-
ties in this area were slightly higher than base. This indicates a small in- -
crease in vertical mixing by the plans. Average salinities for each depth up-
stream from mile 3 to about mile 18 showed that surface values were generally

lower than base, while middepth and bottom values were generally higher. This

is an indication of increased stratification. Maximum and minimum salinity =
p
B

values (Plates 44 and 45) followed the same general trend as shown by the
average salinity profile. The largest change (increased salinity) resulted
from the installation of the degraded jetty plan (B2). The upstream extent of
salinity intrusion was unchanged by any of the plans.

48. Time and depth average salinity values obtained along the thalweg
of the north channel (Plate 46) followed the same trend as salinity values ob-
tained along the navigation channel center line upstream from mile 6. These
data again showed that average salinities (average of surface, middepth, and
bottom) resulting from each plan were generally greater than those observed
during base conditions. Time average salinities at each depth (Plate 47)
showed that each plan resulted in a general increase in average salinity
values at middepth and bottom depths and a general decrease at the surface
depth. Maximum salinity values (Plate 48) generally demonstrated the greatest
increase with Plan B2. Minimum salinity values resulting from each plan were
influenced very little or in some locations were slightly lower than base
condition values.

49, Jetty B plans. Time and depth average salinity values (Plate 49)

along the navigation channel center line for Plans FO and F1 were generally
increased by 1 to 2 ppt throughout the lower 24 miles of the estuary. On the

other hand, time average surface salinities for Plan F1 (submerged jetty) be-

tween mile 6 to about mile 13 were decreased, generally by less than 0.5 ppt
(Plate 50). Plan FO time average salinity values decreased generally less
than 1.0 ppt at the middepth and bottom depth from mile -2 to 2. Maximum and

minimum salinities (Plates 51 and 52) along the channel center line generally

W 5

increased slightly. The most notable increase (2 to 6 ppt) occurred at the

‘ala’a

bottom depth between miles 6 and 12 during occurrence of minimum salinity con-

centrations. The maximum extent of salinity intrusion was increased by less

= than 1 mile.

- 50. Time and depth average salinity data along the thalweg of the north
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channel (Plate 53) reflected the same general trend as was observed along the
navigation channel--average salinity values were slightly higher than base

(generally less than 2 ppt difference). Plan Fl, surface depth, was again the
:! notable exception as time average surface salinity values were lower than base
from the entrance up to about mile 13 (Plate 54). Data shown in Plate 54 for ]
Plan F1 indicate a slight tendency toward increased stratification. Maximum

and minimum salinity values (Plate 55) were generally higher than base. How-

nafbibdondad

ever, maximum surface salinities for both plans were lower than base up to

Fyven

about mile 13 at this depth. Little change was noted in minimum salinities at
the surface and middepth but both plans did result in higher than base salini- ]
ties (2 to 6 ppt) at the bottom depth. #
55-ft channel tests

51. Nonstructural plans. Average, maximum, and minimum salinities re-

sulting from the four nonstructural plans along the channels are shown in
Plates 56-62 and 70-76. 1
52. Time and depth average salinity values along the center line of the
navigation channel were increased by each C-series plan (channel deepening
only) upstream from about mile 1 (Plate 56), while average salinities seaward A
of mile 1 were generally lower than those observed with the 48-ft base channel ;
condition. Average salinity values of Plans Cl1 and C2 when compared with
Plan CO (base condition 55-ft channel) were generally higher; however, excep-
tions were noted at several stations along the channel. The most notable re-
duction in average salinities occurred at mile -2, where Plan CO was 2 to
3 ppt lower than Plans A0 (48-ft channel base condition), Cl1, and C2. The

Plan CO average data at this station were influenced to a large degree by sa-

PRNREIUP ¥ ¥ VD U TR,

linities measured at the surface depth (Plate 57). Surface salinity values at k

this location were generally very erratic for all tests conducted, and even

more so with the 55-ft channels. This station, located about one-third of

the distance between the outer end of the jetties and the model headbay, is
located in an area that was influenced to some degree by the boundary condi-
-, tions in the model. In addition, no prototype data were available in the

F area; therefore model salinity conditions were not verified there.

f 53. Plan €2 (55 ft deep by 2,000 ft wide) generally resulted in time
average surface salinities higher than average surface salinities with the
base 55-ft channel (Plan CO) installed (Plate 57), while Plan C1 (tranmsition

¥
F channel from -55 ft to -48 ft) surface salinities were generally lower than
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Plan CO. Average middepth salinities showed that both Plans Cl1 and C2 were

generally higher than Plan CO0. Effects on Plan Cl and C2 bottom salinities
with respect to Plan CO were opposite the eftfects observed at the surface. At
the bottom, Plan C1 was higher than Plan CO, while Plan C2 was generally lower.
This same trend was observed for maximum and minimum salinity observations
(Plates 58 and 59). Maximum and minimum salinity values were generally higher
than the base 48-ft channel condition throughout the length of salinity intru-
sion; however, there was no increase in the length of salinity intrusion for
any of the C-series tests.

54. Time and depth average salinities along the thalweg of the north
channel (Plates 60 and 61) for the 55-ft channel plans were generally 1 to
2 ppt higher than the 48-ft channel base condition. However, at several sta-
tions, time average salinity values at various depths were observed to be
lower than base, particularly at the surface. Plan Cl and C2 depth and time
average salinities were generally higher than the base 55-ft channel salini-
ties (Plan CO) in the lower reach of the north channel (miles 6 to 10) and
about equal or slightly lower in the upper reach of the north channel.
Plan Cl average salinities were generally slightly higher than those observed
with Plan C2 installed. Maximum and minimum salinity values (Plate 62) fol-
lowed the same general trend as did average salinity values as bottom and mid-
depth salinity values were higher than base (48-ft channel). Maximum surface
salinity values were erratic as both higher and lower values were observed.
Plan C1 generally resulted in the greatest changes in maximum salinity values.

55. Data resulting from the 55-ft channel realignment plan (I0) are
presented in the same plates as the 60-ft channel test data to conserve space.
Effects of the channel realignment plan on average, maximum, and minimum salin-
ity values are shown in Plates 70-76.

56. Effects of the realignment plan on depth and time average salini-
ties (Plate 70) show that the plan resulted in an overall increase of about 1
to 2 ppt from the entrance of the estuary to about mile 18, compared with the
48-ft channel base test. Plate 71, time-averaged salinities at the surface,
middepth, and bottom, shows that the greatest increase generally occurred at
middepth. A significant increase was indicated at the surface at mile -2 in
the entrance; however, as discussed previously, this station is located in the
ocean near the model boundary and could possibly be reflecting the boundary

conditions rather than the plan. Average bottom depth salinities were ahout
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.% 0.5 ppt higher than base throughout the length of the intrusion zone.

i 57. Maximum salinity values (Plate 72) were increased at both bottom
’,‘ and middepth throughout the salinity intrusion zone by 1 to 3 ppt and 1 to
b

6 ppt, respectively. The upstream extent of salinity intrusion was not in-
creased, however. Surface depth maximum salinity values were lower than base
from about mile -1 to about mile 5, where they then become 1 to & ppt higher
than base up to about mile 12. Minimum salinity values at each depth were
generally slightly lower than or about equal to base conditions.

58. Depth and time average salinities along the thalweg of the north
channel (Plate 74) were increased as a result of the realigned channel. The
largest increase of about 3 ppt occurred at mile 14. The mean increase along
the north channel was 1 to 2 ppt. Similar to that observed along the naviga-
tion channel, the largest increase to salinities occurred at middepth
(Plate 75). The increased salinities at the middepth elevation were about
2 to 4 ppt along the entire length of salinity intrusion, while at the surface
and bottom elevations, average salinity values showed at most only very small
increases above base conditions and were occasionally lower.

59. Maximum and minimum salinities (Plate 76) followed the same trend
along the thalweg of the north channel as were observed along the navigation
channel. Greatest differences (increased salinity) occurred at the middepth
and bottom during periods of maximum salinity. Increased maximum salinity
concentrations at middepth and bottom were about 1 to 4 ppt. Surface depth
salinities were lower than base from about mile 6 to mile 10, where they then
became slightly higher than base conditions. Minimum salinities were generally
equal to or slightly lower than base condition values.

60. Plan 10, realignment plan, resulted in an increase in mixing in the
estuary, particularly in the middepth zone. This effect on mixing seemed to
have resulted in higher salinity concentrations in the middle portion of the
salinity intrusion zone. Salinity intrusion farther upstream could result;
however, the model results showed the distance would not be significant.

61. Structural plans. The effects of the three structural 55-ft chan-

nel plans on average, maximum, and minimum salinity values are shown in
Plates 63-70.
62. The overall effect of the three plans, when compared with the base

condition 55-ft channel, were very similar (Plate 63). Time and depth average

salinities between miles -2 and O were increased (1 to 2 ppt); remained about

23

—— - - PP U O WY W YNy WL WA Py W s PSP DI S ) [IPULIPULI DI U0 LA WP UL U UPW VL S G WS S Wy -

AT .

o]

[ ¥3




R

Clhais Shush Samn s

NE;

e — RMCIA T ANt S a4 s S el oL AR SCAGIL SN DA e e e it S B et Sy T JA S d e N U Avan A/ Bube Yt ‘
Pl e R [ .. . o e KN NS -

the same as base from mile 0 to about mile 2; and were lower (1 to 2 ppt) than
base from about mile 2 to about mile 7, at which point they became higher

(1 to 4 ppt) than base upstream to about mile 18. Plan GO (full height

jetty B plan) effects were generally greater than the other two plans where
salinity increases were evident, and less where decreased salinity effects
were evident. Plan Gl (submerged jetty, 300 ft shorter than Plan GO) effects
were generally less than the other two plans where salinities were greater
than base, and greater where salinities were less than base conditions. The
maximum decreases in average salinities occurred at about mile 4 (generally
about 1 to 2 ppt) while the maximum increases occurred at about mile 14 (gen-
erally about 2 to 3 ppt).

63. The decreases in salinities between miles 2 to 6 (Plate 64) were
influenced primarily by the large decreases observed at the surface depth. ,
Middepth and bottom salinities generally showed that each plan resulted in
very little change or small increases in this area. The large increases in
average salinity values appearing between mile 7 to the upper end of the in-
trusion zone were influenced primarily by the large increases at the middepth
and bottom. These data (Plates 63 and 64) show that either plan results in an
apparent increase in vertical mixing in the entrance and an increase in salin-
ity intrusion of 1 to 2 miles.

64. Maximum and minimum salinities (Plates 65 and 66) followed the same
general trend as shown by the time and depth average data (Plate 63). Maxi-
mum salinity values were influenced the greater amount at the surface, while
minimum salinities were affected most at the bottom. Maximum surface salini-
ties were decreased as much as 7 ppt (Plan G2) at mile 4, and increased as
much as 11 ppt (Plan Gl1) at mile 10. The .greatest changes were 13 and 14 ppt

and occurred at about mile 14 during the occurrence of minimum salinity with

Plans GO and G2, respectively. Maximum bottom and minimum surface salinity
values were the least affected by either plan. Either plan would result in a
small increase in vertical mixing in the lower estuary (miles -2 to 6). Sa-
linity intrusion would be increased slightly, with Plan GO resulting in the
greatest increase.
65. Salinity data along the thalweg of the north channel (Plate 67)

showed that time and depth average salinities for Plan GO followed the same
general trend as was observed along the center line of the navigation channel

upstream of mile 6--salinities upstream of this point to about mile 16 were
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higher than those observed for base conditions. However, Plans Gl and G2
showed a reverse effect in the north channel as was observed along the naviga-
tion channel upstream from about mile 10 to about mile 18. Average salinities
in that reach of the north channel with Plans Gl and G2 rere decreased from
what was observed during base conditions, generally about 1 ppt or less.

Plan GO data at surface, middepth, and bottom {(Plate 68) showed a general in-

crease in time average salinities at each depth, with small exceptions at
mile 8, surface depth, and at miles 6, 12, 16, and 18 at the bottom. The gen-
eral trend observed in the north channel time average salinities at surface,
middepth, and bottom elevations was similar to that observed along the naviga-
tion channel, but Plans Gl and G2 seemed to result in reduced salinity effect
farther upstream than was observed in the navigation channel. Largest effects
from each plan occurred generally at about mile 8. Largest reduction in aver-
age salinity occurred at the surface at this point, while largest increases
occurred at the bottom depth at this location. From data shown in Plate 68,

each plan resulted in a general decrease in vertical mixing from about mile 7

to about mile 10. The upstream extent of salinity intrusion in the north

channel would be reduced about 2 miles by each of these three plans.

66. Maximum and minimum salinity values followed the same general pat-
tern as was observed for average salinity. The greatest increase (about 6 ppt)

in surface maximum salinities occurred at about mile 12 with Plan GO. The

greatest decrease (about 3 ppt) at the surface occurred at mile 8 with Plan Gl
installed. The greatest effect, a decrease in maximum salinity values at the
bottom, occurred at about mile 18. Here all plans showed maximum values al-
most 7 ppt lower than base values. Maximum values at the middepth reflected
only small variations from base condition values. Minimum salinity values at
the surface and middepth were generally slightly higher than base. Bottom

depth minimum values were likewise generally higher with all three plans but
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the magnitude of effects was greater than that observed at the surface and
middepth.
60-ft channel tests

67. The effects of the two 60-ft channel plans on average, maximum, and

JIA_A‘.JA'A"“

minimum salinity values are shown in Plates 70-76. Each plan, compared with
the base 48-ft channel, resulted in increased time and depth average salinity

values along the channel center line as shown in Plate 70. Plan HO (base con-
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dition 60-ft channel) generally resulted in a greater increase to average
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salinities than did Plan Hl1 (60-ft channel combined with submerged jetty B and
authorized south jetty). Average salinity values along the channel center
line with Plan HO installed reflected increases from 1 to about 4 ppt, while
Plan Hl increases were on the order of 1 to 2 ppt. The largest increases with
each plan occurred between miles 10 and 16.

68. The overall increase in time and depth average salinity values
(Plate 70) was the result primarily of the large increase occurring at mid-
depth and bottom (Plate 71). Time average salinity values at the surface
depth were somewhat erratic as both decreased and increased average salinity
values were evident at stations along the navigation channel.

69. Maximum and minimum salinity values (Plates 72 and 73) showed the
greatest changes (generally increased salinity values) at middepth and bottom
for both plans. Effects of the two plans were very similar during the occur-
rence of maximum salinity; however, effects during the occurrence of minimum
salinity (low water) were quite different, particularly at the bottom.

Plan HO minimum salinity values at the bottom were generally 4 to 10 ppt
higher than base, while Plan Hl minimum salinity values were lower than base
conditions from mile -2 to about mile 6, where they became equal to or
slightly higher than base conditions.

70. From the data shown in Plates 70-73, either of the 60-ft channel
plans would result in slightly increased salinity intrusion along the naviga-
tion channel. Plan HO would also result in a slightly more stratified salin-
ity condition along the navigation channel.

71. The effects of Plans HO and Hl on time and depth average salinities
along the thalweg of the north channel were very similar to their effects at
stations located along the navigation channel upstream from mile 6 (Plate 74).
Each plan resulted in an overall increase in average salinity concentrations
of about 1 to 2 ppt. These increases were, as observed along the navigation
channel, influenced to a great degree by the rather large increase observed at
the middepth and bottom elevation (Plate 75). Greater increases in time aver-
age salinity occurred with Plan HO than with Plan H1 at the middepth and bot-
tom, but salinities for Plan HO were less than for Plan Hl at the surface.
This same trend was observed at stations along the navigation channel. Also
similar to the trend observed along the navigation channel, greatest effects
in the north channel occurred between miles 10 and 16. Plan HO again resulted

in the greatest increases except at the surface depth. Average surface
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salinities for Plan HO were less than base condition concentrations from about
miles 6 to 10 and greater than base from about miles 10 to 18. Plan H1 aver-
age surface salinities were generally about the same as, or slightly higher
than, base conditions. Average salinities at middepth and bottom with Plan HO
were generally about 2 to 4 ppt higher than base up to about mile 18, where
they became about equal to base condition values. Plan Hl average salinities
at middepth and bottom were generally about 1 to 3 ppt higher than those ob-
served for base conditions. Stratification was increased somewhat by Plan HO.

72. Maximum and minimum salinity profiles (Plate 76) followed the same
general trend as that observed for the average salinity data in the north
channel. Differences in maximum salinity concentrations were generally on the
same order of magnitude as those observed for average salinity data. The
largest increase in salinities was observed with Plan HO at the bottom depth,
during the occurrence of minimum salinities, where minimum salinity values
were generally about 4 to 6 ppt higher than those of the base or Plan Hl. The
extent of salinity intrusion was reduced by about a mile by Plan HO but un-
changed by Plan H1l.

Shoaling Results (Hybrid Model)

73. Results of hybrid shoaling tests are presented as dredging volumes
distribution and as shoaling pattern maps for the entrance. Table 3 summa-
rizes the dredging volume requirements of all the plans, showing the volume
distribution by river mile, the total dredged volume, and the dredging index
for each plan. The dredging index is the total dredged volume for a plan di-
vided by the total dredged volume for the base test. Figure 4 shows the ele-
ments making up the navigation channel in the area of interest. The dredged
volumes shown in Table 3 are the sum of volumes in the cross-channel row of
elements located at the designated river mile. The channel element lengths
vary somewhat; therefore volumetric comparisons between the element row sums
may not be directly proportional to depth of deposition. Dredged volumes are
the quantities of material accumulating within the channel prism lines above
a plane that is 2 ft deeper (overdepth) than the nominal, or design, depth.
Thus the volumes reflect perfect maintenance of the design channel with 2 ft
of overdepth.

74. Tables 4-20 show each plan's dredging volume breakdown by channel
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segment as well as by river mile. The channel is divided into three rows of
elements, with the northern row (elements 76-83, see Figure 4) covering the
left quarter, the center row (elements 59-66) covering the center half, and
the southern row (elements 42-49) covering the right quarter of the channel.
Prototype dredging volume distribution across the channel was not available;
therefore the model was not verified to reproduce this effect accurately. The
data have been presented because of their potential usefulness but should be
used with care.

75. Shoaling patterns for the entrance area under base (existing condi-
tions, Plan A0) are shown in Plates 77 and 78. Because of scanty field data,
only the navigation channel and a narrow band on either side of it were veri-
fied to reproduce prototype scour and fill patterns. Outside the verified
area the results should be viewed with some caution and used primarily to com-
pare the plans. The shoaling verification is described in detail in McAnally
et al. (in preparation).

48-ft channel tests

76. Effects of the 48-ft channel plans are given in Tables 3-11 and
Plates 77-87.
77. North jetty plans. Tables 3-6 and Plates 77-80 show that varying

the length of the north jetty had very little effect on the total dredged vol-
ume. Increasing jetty length by more than 1,300 ft (Plan Al) decreased the
total volume by only 2 percent, principally between miles 0.5 and 1.5. This
agrees with the previous physical model study (Herrmann and Simmons 1966)
which predicted that restoration of the jetty's full length would reduce chan-
nel shoaling by only about 5 percent. Permitting the jetty to degrade some-
what further (Plan A2) did not change required dredging from that for Plan AO.

78. Examination of the shoaling pattern maps (Plates 78 and 79) shows
that extending the north jetty caused the zone of deposition on the seaward
end of the channel bend to be reduced somewhat from the base, and the pattern
immediately around the jetty to also change. Differences between the base and
the degraded jetty plan (Plate 80) were minor.

79. South jetty plans. Plates 81-84 illustrate the shoaling effects of

Plans Bl, B2, and B3. None of the three plans effected a reduction in dredged
volumes, with the smallest increase, 10 percent, occurring for the shortened
jetty (Plan B2). 1In the previous physical model study (Herrmann and Simmons
1966), a plan (Plan 2) similar to Plan B2 showed a potential 18 percent
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reduction in channel shoaling. Plans Bl and B3, jetty lengtheniny plans,

AR

showed dredged volume increases of 50 percent and 20 percent, respectively.

Most of the increase occurred between miles 0.5 and 1.5. These results sug-
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gest that the jetty length for minimum dredging lies between that of Plans Bl
and B3.

80. The shoaling pattern plots (Plates 82-84) for the B series plans do
not reveal any dramatic changes in pattern from the base condition (Plate 78).
They do show a slight expansion of the deposition zone at about mile 1.5 for
Plans Bl and B3, which is consistent with the dredged volume increase observed
in that area.

81. Jetty B plans. Both of the tested jetty B plans (Plate 85) caused

a substantial increase in dredged volume over base conditions. The full
height jetty (Plan FO) resulted in significantly larger volumes in the area
from mile O to -1 even though it reduced volumes somewhat in the immediate

area of the jetty. Submerging the jetty (Plan F1) resulted in a less harmful

wrT—

effect in the outer portion of the channel but increased shoaling upstream

Cout ik
[ )

near the jetty. It can be hypothesized that submerging the jetty caused less

of an energy loss due to the sudden expansion of flow downstream of the jetty,

L NEREN

but it is not obvious why shoaling would increase off the tip of the jetty as
occurred for Plan F1 at mile 1.8.

82. 1In an earlier, physical model study of jetty B, Herrmann (1974)
found that a longer jetty B located upstream of the location tested here would

reduce shoaling by about 30 percent. All of the decrease was located landward

of mile 1 and shoaling did increase at mile 0, as occurred in the tests re-

ol d

ported here.
83. It is interesting to note that the shoaling pattern maps (Plates 86
and 87) suggest that both jetty B plans pushed the depositional zone of Clat-

A 2 wran v athry

sop Spit between the channel and south jetty back toward the south jetty.

This, plus the earlier tests showing that a jetty B could reduce shoaling some-
what, suggests that a structure might help the channel shoaling problem at
mile O, if the best alignment and length could be found.

.Y,

55-ft channel tests

84. Results of shoaling tests for a 55-ft-deep entrance channel are

given in Tables 3 and 12-18 and Plates 88-97.

F 85. Nonstructural plans. Results of channel deepening without struc-

tural modifications showed substantial increases in dredged volumes for the
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55-ft channel over the 48-ft channel. Plan CO, the simple deepening plan, -
doubled the dredged volume, with the biggest increases coming in the zone be-

tween miles 0.5 and 1.5. Reducing channel depth upstream of mile 1 (Plan Cl1)

reduced the volume increase from that point upstream but increased it in the

seaward direction. It appears that extending the depth breakpoint seaward to

et S0t R AR

about mile 0.5 would help substantially. The narrower channel of Plan C2 re-
sulted, as expected, in a substantially lower dredged volume than Plan CO. It

still represents a 30 percent increase in volume over the base test, but

"

nearly all of the increase is in the landward part of the channel, upstream

from mile 0.5.

ﬁ 86. Plates 89-91 illustrate that the area of heaviest deposition ex-
pands upstream for all the C-series plans. Plan C2 does not significantly

. alter the entrance geometry and succeeds in keeping the dredged volume down

- only because so much of the dredged volume occurs on the south side of the

full-width channel (compare Tables 12 and 14).

87. Results of Plan I0 (realigned channel) are compared with the base
and Plan CO in Plate 92 and the Plan I0 shoaling pattern map is Plate 93. ,;
Plan IO resulted in an even larger increase in dredged volume (160 percent)
over base conditions than did Plan CO. The additional increase over the base
occurred at every row of elements; reasons for this result are not known. Ex-

amination of the shoaling pattern map (Plate 93) shows some variation in depo-

RPN II PR

sition patterns, notably a large area of Plan I0 deposition in the channel at

about mile 0.5 and between the channel and south jetty. Most of the increase
compared with Plan CO occurred in the center half of the channel (compare
fables 12 and 15).

't g PR

88. Structural plans. Results of the G-series plans, involving various

structural modificacions o the 55-ft channel plan, are shown in Tables 3 and

16-18 and Plates 94-97. Plans GO and G2 resulted in modest reductions in total

:'ru“ O

dredged volumes from the base 55-ft channel condition (Plan C0); but Plan Gl )
increased them. Plans GO and G2 significantly reduced volumes upstream of

mile 1. Comparison of shoaling patterns (Plates 95-97) with those of Plan CO
(Plate 89) shows that the jetty B substantially reduces the channel shoal up-

o andids s

stream of about mile 1.2 in Plan GO, and in Plan G2 to a lesser extent. Both
plans show a retreat of the upstream end of the Clatsop Spit shoal. In con-

trast, Plan Gl, with the authorized south jetty, shows renewed channel shoal-

ing up to about mile 1.8 (actually somewhat greater than for Plan CO).
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Plan Gl1, like the other jetty B plans, results in a reduction of the Clatsop
Spit shoal.
60-ft channel tests.

89. Results for the H-series of tests are shown in Tables 3, 19, and 20
and Plates 98-100. The 60-ft-deep channel is seen to dramatically increase
dredged volumes over the 48-ft channel, with shoaling indices of 2.8 and 3.0
for Plans HO and Hl, respectively. Volumes increased at every channel mile,
but the largest absolute increases occurred upstream of mile 0.5.

90. Shoaling patterns (Plates 99 and 100) are quite similar to that of
Plan CO (55-ft channel). The most notable increase in deposition occurred ad-
jacent to Clatsop Spit.

91. Addition of a submerged jetty B (Plan Hl1) caused a slight increase
in channel dredging for the 60-ft channel, a consequence consistent with
Plan F1 results (compared with the 48-ft channel base test), although at a
magnitude of 12,000,000 cu yd the absolute results are probably not suffi-
ciently reliable to distinguish relatively small differences in volume.

Effect of channel depth on dredging

92. Plate 101 illustrates the effect of progressive channel deepening
on predicted dredging volumes. Increasing the depth from 48 to 55 ft doubled
the total dredged volume from 4.4 to 8.7 mcy, and increasing the depth to
60 ft raised the volume to 12 mcy. The peak dredging volume shifted upstream
from about mile 0.6 for the base to mile 1.2 for the 55- and 60-ft channels.
Similarly, relative increases in volume were larger in the upstream direction
(excluding mile ~1.8, where negligible dredging occurred for the 48-ft chan-
nel). This trend is consistent with the notion that salinity intrusion, and
tbus the zone of increased shoaling, will move upstream as a channel is
deepened.

93. Figure 5 compares the variations in total dredged volume from the
model tests with prototype experience. The model results, for actual channel
depths (including overdepth) from 50 to 62 ft, fall almost on a straight line.
The prototype volumes are average dredged volumes over three periods in which
different channel depths prevailed. The range of channel depths indicates the
range of controlling depths during most of each period. The ranges for the
latter two prototype periods are consistent with the curve given by the model
results. Since the prototype volumes do not reflect perfect maintenance of

the design channel, the degree of correspondence is quite good in the range of

31

4 e e el LTl L s e Y et At a et Lt matar atala . at a ata. a'a’a’ala’a m . a’a’a.a y —




14 -
" HYBRID MODEL TEST
13 O Resilts
2L ®——@ AVERAGE PROTOTYPE
VOLUMES 1946 - 1955
= O—{ AVERAGE PROTOTYPE
VOLUMES 1959 - 1975
10 - AVERAGE PROTOTYPE
b—2B ' OLUMES 1976 -1978
9 e
[a]
>-
3 8|
©
e 7L
w
S 6}
-
o
>
5 =
[a]
w
(&)
o 4}
w
[+ o
[a]
3 -
0—0
2 =
0 1 Il i 1 |
20 30 40 50 60 80

CHANNEL DEPTH, FT

NOTE: PROTOTYPE DATA FROM ANNUAL REPORTS OF
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Figure 5. Variation of dredged volumes with channel depth

46 to 51 ft. The shallower channel depth volumes for 1946-1955 do not fall on

an extrapolated model results line; but they would not be expected to since

the equilibrium channel depth (zero maintenance) was on the order of 20 ft
(0Office, Chief of Engineers 1910) giving the lower portion of the curve a non-
linear shape.

S 94. It is probable that there exists an annual maximum dredging volume

b -

P which could not be exceeded, no matter how deep the channel was dredged.
-

\
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These model results indicate that that volume is at least greater than 12 mcy.
It has been suggested that the maximum possible shoaling volume is limited by
supply to 4 or 5 mcy/year, based on an analysis of dredged volumes and bed
changes from 1976 to 1980. This estimate is believed to be low.

95. The entrance accumulates sand from upstream supply and entrapment
of littoral drift. Estimates of the quantity of material in transport are
highly approximate but give some indication of the supply of material avail-
able for deposition. Hickson (1961) estimated that the river's suspended load
passing through the entrance was 8 mcy/year. Assuming that 10 percent or less
of this material is sand (Hubbell, Glenn, and Stevens 1971) and adding that to
Hickson's estimate of 3.5 mcy/year bed load yields a total bed material load
of about 4.0 mcy/year from upstream. This agrees with Hickson's estimate of
4 mcy/year accumulating on the outer bar.

96. Lockett (1963) analyzed hydrographic surveys of the areas north and
south of the entrance for 1877 and 1926, the period in which the jetties were
built. He found that during the 50 years, accretion to the north of the mouth
averaged 3.7 mcy/year while erosion to the south averaged 7.5 mcy/year. Dur-
ing the subsequent 32 years, accretion and erosion in each of those respec-
tive areas averaged about 4.1 mcy/year. After an initial deepening following
each episode of jetty building, progressive infilling of the entrance channel
continued during these periods. This suggests a net littoral transport of at
least 4 to 8 mcy/year at the mouth of the Columbia. The gross amount (total
northward movement plus total southward movement) moving past the entrance
after completion of infilling behind the jetties would be substantially more
than this.

97. Taking 4 mcy/year as a minimum net littoral transport rate and add-
ing it to Hickson's estimated 4 mcy/year upstream sand supply results in a
minimum total supply of about 8 mcy/year. If these estimates are correct, the
maximum possible shoaling rate must be in excess of 8 mcy/year. Since these
are net rates of transport, they are definitely not an absolute upper limit on
deposition rate. For example, if the navigation channel were a perfect sedi-
ment trap, all of the back and forth moving material that strayed into the
channel during a tidal cycle would deposit and the rate could be half an order
of magnitude greater.

98. From these analyses and the 12 mcy/year model results for the 60-ft

channel, it is probable that the maximum possible shoaling rate is in excess
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of 12 mcy/year. Note that this is not the same as concluding that the 12
mcy/year shoaling rate is correct; it merely establishes that such a volume
is within reason. Model results may be too high, since the models become
progressively less reliable as conditions (e.g. channel depths) become less

like those under which the model was verified.
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PART IV: CONCLUSIONS

99. Sixteen plans and the base conditions of the mouth of the Columbia
River were tested with the Columbia Hybrid Modeling System. Seven of the
plans consisted of attempts to reduce shoaling in the existing 48-ft-deep nav-
igation channel. The rest of the plans consisted of 55- and 60-ft-deep en-
trance channels and structure plans. Data were collected to define plan ef-
fects on tidal elevations, current velocities, bottom flow predominance,
salinities, shoaling patterns, and maintenance dredging volumes.

100. Tidal elevations were affected to only a slight degree, except for
localized effects near the plan structures. The most significant change was
small increase in mean tide levels at sta 54 and 849 in the 60-ft channel
tests.

101. Effects of the plans on current velocities were subtle--current
speed rarely changed by more than 1 fps--and changes were primarily reflected
in the bottom flow predominances. The full height jetty B increased ebb pre-
dominance on the south side of the channel and decreased it on the north side.
Channel deepening caused a decrease in ebb predominance on the south side.

102. Plans for the 48-ft-deep channel had relatively minor effects on
salinity intrusion. Mixing within the entrance was altered somewhat, but most
changes were within 2 ppt and were limited to the area downstream of mile 12.
The 55- and 60-ft channel plans increased salinities 1 to 6 ppt over those of
the base test, and the changes occurred up to about mile i8.

103. Of the several plans tested for the 48-ft channel, only lengthen-
ing the north jetty reduced dredging volumes below base test values. Extend-
ing or shortening the south jetty or construction of either of the two jetty B
plans increased dredged volumes. The 48-ft channel test results suggest that
(a) between the authorized and degraded south jetty lengths there is a length
near present conditions that minimizes maintenance dredging and (b) there is
probably a jetty B location and design that will reduce dredging quantities.
These observations are consistent with nrevious, t ..ec-bed model results.

104. Deepening the channel to 55 ft doubled u -edgad volumes from the
base test; narrowing the maintained channel, tapering :he depth back to 48 ft,
and two structural modifications reduced the 55-ft channel dredging require-
ments somewhat. The structural modifications reduced shoaling mainly on the

upstream end of the deposition zone.
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105. Deepening the channel to 60 ft almost tripled the dredged volume
from the base test. The only structural modification tested was not effective
in reducing shoaling for the 60-ft channel.

106. The relationship between channel depth and required dredging was
nearly linear in these tests. On the lower end of the depth scale, those
depths for which the models were verified, the agreement with prototype trends
is good. The magnitude of the dredging increase for the 60-ft-deep channel is
so large that model verification may have been strained. If so, the actual
increase might be considerably different. However, analysis of other data
shows that the 60-ft channel tests result of 12 mcy/year does not exceed the

probable .otal sediment supply to the entrance.
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Table 1

Entrance Channel Plan Conditions

Plan Channel Structures
A0 48 X 2,640 ft Existing
Al Existing plus authorized north jetty length
A2 Existing plus shortened north jetty
Bl Existing plus authorized south jetty length
B2 Existing plus shortened south jetty
B3 Existing plus partially rehabilitated
south jetty
FO Existing plus full height, 4,106-ft-long
jetty B
F1 Existing plus submerged, 4,106-ft-long
* jetty B
co 55 X 2,640 it Existing
C1 55 x 2,640 ft Existing
from mile 1
to mile -2
48 X 2,640 ft
from mile 1
upstream
c2 55 X 2,000 ft Existing
10 Realigned Existing
55 X 2,640 ft
GO 55 x 2,640 ft Existing plus full height, 4,106-ft-long
jetty B
G1 55 x 2,640 ft Existing plus submerged, 3,806-ft-long
jetty B and groin near end of north jetty
G2 55 X 2,640 ft Existing plus submerged, 3,806-ft-long
jetty B, groin near end of north jetty,
and authorized south jetty
HO 60 x 2,640 ft Existing
H1 60 x 2,640 ft Existing plus submerged, 4,106-ft-long
jetty B and authorized south jetty
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Table 2

. Bottom Flow Predominance

Lq Percent Total Flow Downstream

5?- Plan Sta 127 Sta 286

é:. Base (A0) 49 47

Al * 41

S A2 * 47
B1 47 47
B2 51 51
B3 47 53
FO 57 33
F1 50 40
Cco 44 44
Cl 48 40
c2 52 35
GO 56 31
Gl 47 43
G2 49 47
10 52 43
HO 38 46
H1 41 48

* Not measured.
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Table 4

Plan AO Dredging Volumes, Millions of Cubic Yards

River Mile North 1/4 Center 1/2 South 1/4
1.9 0.16 0.07 0.06
1.2 0.41 0.32 0.18
0.6 0.32 0.44 0.34
0.0 0.13 0.29 0.19
-0.8 0.21 0.50 0.28
-1.3 0.09 0.19 0.11
~1.8 0.01 0.00 0.00
Total* 1.3 + 1.8 + 1.2
Table 5

Plan Al Dredging Volumes, Millions of Cubic Yards

River Mile North 1/4 Center 1/2 South 1/4

1.9 0.16 0.09 0.07

1.2 0.31 0.27 0.19

0.6 0.19 0.36 0.32

0.0 0.12 0.27 0.17
-0.8 0.16 0.48 0.31
-1.3 0.09 0.19 0.13
-1.8 0.28 0.01 0.01
Total* 1.3 + 1.7 + 1.2

Table 6

Plan A2 Dredging Volumes, Millions of Cubic Yards

River Mile North 1/4 Center 1/2 South 1/4
1.9 0.15 0.08 0.05
1.2 0.39 0.35 0.18
0.6 0.32 0.48 0.35
0.0 0.12 0.28 0.19
-0.8 0.21 0.48 0.26
-1.3 0.08 0.17 0.11
-1.8 0.01 -- 0.00
Total* 1.3 + 1.8 + 1.1

* Total in each table rounded to two significant figures.
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Table 7
Plan Bl Dredging Volumes, Millions of Cubic Yards

River Mile North 1/4 Center 1/2 South 1/4
S 1.9 0.27 0.18 0.12
1.2 0.64 0.65 0.34
oy 0.6 0.51 0.74 0.49
_z 0.0 0.19 0.35 0.19
-0.8 0.25 0.59 0.34
-1.3 0.10 0.21 0.14
-1.8 0.04 0.02 0.01
Total* 2.0 + 2.7 + 1.6
Table 8

Plan B2 Dredging Volumes, Millions of Cubic Yards

River Mile North 1/4 Center 1/2 South 1/4
1.9 0.18 0.10 0.04
1.2 0.50 0.44 0.16
0.6 0.41 0.55 0.32
0.0 0.16 0.32 0.19
-0.8 0.22 0.54 0.32
-1.3 0.08 0.18 0.12
-1.8 0.02 0.01 0.00
Total* 1.6 + 2.1 + 1.2
Table 9

Plan B3 Dredging Volumes, Millions of Cubic Yards

River Mile North 1/4 Center 1/2 South 1/4
1.9 0.14 0.09 0.09
1.2 0.41 0.42 0.29
0.6 0.35 0.61 0.46
0.0 0.17 0.39 0.22
-0.8 0.25 0.56 0.32
-1.3 0.11 0.19 0.12
-1.8 0.02 0.01 0.00
Total* 1.4 + 2.3 + 1.5

* Total in each table rounded to two significant figures.




Table 10
Plan FO Dredging Volumes, Millions of Cubic Yards

River Mile North 1/4 Center 1/2 South 1/4
1.9 0.08 0.00 0.00
1.2 0.42 0.18 0.06
0.6 0.44 0.62 0.43
0.0 0.19 0.64 0.46
-0.8 0.46 0.83 0.39
-1.3 0.19 0.29 0.13
-1.8 0.01 - 0.00
Total* 1.8 + 2.6 + 1.5
Table 11

Plan F1 Dredging Volumes, Millions of Cubic Yards

River Mile North 1/4 Center 1/2 South 1/4
1.9 0.65 0.39 --
1.2 0.72 0.49 0.09
0.6 0.58 0.51 0.21
0.0 0.18 0.31 0.17
-0.8 0.21 0.47 0.28
-1.3 0.04 0.11 0.09
-1.8 0.00 - 0.00
Total® 2.4 2.3 0.8
Table 12

Plan CO Dredging Volumes, Millions of Cubic Yards

River Mile North 1/4 Center 1/2 South 1/4
1.9 0.39 0.37 0.25
1.2 0.75 1.00 0.56
0.6 0.52 0.94 0.63
0.0 0.26 0.46 0.24
-0.8 0.33 0.61 0.33
-1.3 0.16 0.28 0.15
-1.8 0.12 0.16 0.07
Total* 2.5 + 3.8 + 2.2

* Total in each table rounded to two significant figures.
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Table 13
Plan C1 Dredging Volumes, Millions of Cubic Yards

River Mile North 1/4 Center 1/2 South 1/4
1.9 0.28 0.27 0.19 2
1.2 0.46 0.52 0.31 -
0.6 0.62 1.05 0.75 B
0.0 0.25 0.53 0.32 ]
-0.8 0.35 0.62 0.32 R
4
-1.3 0.19 0.31 0.15 =
-1.8 0.11 0.14 0.07 %
Total* 2.3 + 3.4 + 2.1 "4
b
. Table 14 1
Plan C2 Dredging Volumes, Millions of Cubic Yards -

River Mile North 1/4 Center 1/2 South 1/4
X 1.9 0.39 0.33 Not
S 1.2 0.69 0.89 dredged
1 0.6 0.51 0.77
0.0 0.19 0.38
-0.8 0.28 0.56
-1.3 0.16 0.28 -
-1.8 0.11 0.14 :
Total* 2.3 + 3.4 4
Table 15 1
Plan 10 Dredging Volumes, Millions of Cubic Yards :i
River Mile North 1/4 Center 1/2 South 1/4 3
1.9 0.56 0.49 0.32 ]
1.2 0.92 1.14 0.68 3
0.6 0.71 1.22 0.91 4
0.0 0.29 0.59 0.34 ]
-0.8 0.39 0.72 0.35
~1.3 0.25 0.39 0.17
~1.8 0.19 0.23 0.08 1
Total* 3.3 + 4.8 + 2.8 1
1
* Total in each table rounded to two significant figures.
1
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Table 16

Plan GO Dredging Volumes, Millions of Cubic Yards

River Mile North 1/4 Center 1/2 South 1/4
1.9 0.24 -- 0.00
1.2 0.61 0.51 0.29
0.6 0.58 0.95 0.71
0.0 0.28 0.57 0.41
-0.8 0.48 0.86 0.42
-1.3 0.25 0.39 0.18
-1.8 0.11 0.15 0.07
Total* 2.6 + 3.4 + 2.1
Table 17
Plan G1 Dredging Volumes, Millions of Cubic Yards
- River Mile North 1/4 Center 1/2 South 1/4
= 1. 0.47 0.38 0.28
O 1.2 0.87 0.98 0.62
T 0.6 0.61 1.01 0.79
0.0 0.33 0.55 0.33
- -0.8 0.41 0.84 0.54
}'_l;'. -1.3 0.24 0.41 0.25
. -1.8 0.21 0.29 0.13
_ Total* 3.1 + 4.5 + 2.9
Lj:
N
=
- Table 18
. Plan G2 Dredging Volumes, Millions of Cubic Yards
}}: River Mile North 1/4 Center 1/2 South 1/4
-.'.-
e 1.9 0.31 0.05 0.13
[ 1.2 0.55 0.51 0.43
g_g 0.6 0.48 0.86 0.65
L 0.0 0.24 0.46 0.26
t- -0.8 0.37 0.74 0.43
-1.3 0.21 0.36 0.19
; -1.8 0.14 0.18 0.08
re Total* 2.3 + 3.2 + 2.2
.i; * Total in each table rounded to two significant figures.
N
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Plan HO Dredging Volumes, Millions of Cubic Yards

Table 19

;u River Mile North 1/4 Center 1/2 South 1/4
- 1.9 0.61 0.46 0.35
'a:: 1.2 1.08 1.38 0.79
;:: 0.6 0.73 1.29 0.92
N 0.0 0.29 0.58 0.38
— -0.8 0.49 0.89 0.45
= -1.3 0.27 0.42 0.19
. -1.8 0.16 0.19 0.09
Total* 3.6 + 5.2 + 3.2

Table 20
Plan H1 Dredging Volumes, Millions of Cubic Yards

.ﬁ_f River Mile North 1/4 Center 1/2 South 1/4
. 1.9 0.62 0.37 0.35
. 1.2 1.15 1.39 0.84
o 0.6 0.83 1.44 1.00
_ 0.0 0.32 0.65 0.41
. -0.8 0.56 0.99 0.49
-1.3 0.31 0.47 0.22
- -1.8 0.17 0.21 0.09
Total® 4.0 5.5 3.4

* Total in each table rounded to two significant figures.

Aaoal a : s ma S ar a4 a s aala . ‘.'.u‘:-,--.-.:-t--_'---«-'~A.-\_-J




;i\i‘ T P o 4 et ou aa e ae A arRa ks slen sb AR e s o Aerd

e

- w W

A aanih e = Ll

v

-

-

N el M

= 1
AQNLS ALL3r H1HON g vt ¢ 0 rcomon g
\% 130000 000C 0002 0001 0 000t IJALOLOHd . &
o o

X000v3d

S37vOS

Z8YEL'9S6 A

699€9'660°4 X
(08) "MO018 TYNINY3IL 4O aN3
—vZ + G/l VIS

000°06¢"; X

” PR eaubar-handh . s /bt Aun BEN ENLUL A Bun i o SO J
il
1
Al
|
(l
|
x - "
- w P
Mw [ o i
ONA - nOU M— L
000°0gg AlS a i
\\ {
> .
- o ‘
% .,
& .
_ D
\\ _
e N A
7 i
e .
9) ;
- Kl
i
"
M |
I
~ 4
* /
0000 !
O 96 A .
O |
9
O i
-
m K
A K
e
x
\m
-3
(=]



F L R b & ARtk bat T WY —rer— -y
P
P
P
3
1 T
1 I N X = .
' =~ 38 9 v e 0« ¢ JIAO0OW | .w e .
AQNLS ALL3r HLNOS S 'S S :
WOU 13000V 0OOE 0OOZ 000: O 0001 JJALOLOHd m 000 0S6 A'S '
g S31vOS P >
> \\ OO\
, e oo
9 Z8YEL'ISE A e P
di3r 69°9£9'660't X P = RS ._
[ Lnog (08) ‘%0018 TYNIWY3L 40 AN3 s - ,
1 vZ + GLL V1S P pid
» d 4 e N
- Bl PR -
2 <x>» » -
. 4 — mv. \\
v. P < x>
) 82 =3 = o - ©
VW= ©o .Om .
s 558 %mw m.p_m z P ~ .
. + >e®Q oOTN Ve
+ o BN &&3 -
3 g 38 Snes n
. (o] @ m= .
h/\u — _ \\ 1
e, @ 7 ® \ )
‘ 1 g wn 10 0 27 L2 ~ .
. P .
| \\\ \\ T S !
N N T —— OO0.0@ e f
4 \\ O 6 A .
r yd N
\ l
\ .
\\ {
P O .
llllllllllllllllll - .
8 O .,
® ;
& :
(0¥) ONILSIX3 \ 3N ‘
: N- W w
y
~. x > o~ h
g a 5 w “
1 »200V3d & |8 - b
- \m I8 oo 3 X
g S S owes JF .l




x
-
-~ 14 8 9 [4
o

AQNLS 1INNVHO (MTIN) 14-8¢ \

S
=4 000y 000E 0002
/m\ g ALL3r g v
11dS JOSLVYID

it 4L TRV P

06£'996 A
0£1'860°k X |

‘)

fe—8 ALL3r

|

bl

.
‘s

’ )
;o
B

XO0Ov3id

gx
¢z 0 L2 3A0OW \.w
(=]
oot 0 o000l IJALOLOMd | 8
(=]

S31voSs
2BVEL'ISE A

69'9£9'G60'4 X
HMO078 TWYNINYIL 40 AN3
e + GLL VIS

(og)

Trmryers,

026°'996 4
{0v) DONILSIX3

000060, "

000 096 4

0C. 06 A

PLATE 3

I RN W WPy SO o




P

r——

T

\x 4 x x
Lo 9 3 z o « ¢ I3ICONW \,n:.\. S
AQNLS TINNVHO (M1TIW) 14-G5 8 '8 g
\% 14000v 000 000Z 0001 O 000t JJALOLOHd & ooocwm ‘Q
8 S A ©
S3vOS 7>
A\
o
28VEL956 A R X
69'9€9'G60'L X T e >
{08) 'MD078 IYNIWH3L 40 aN3 s -
pZ + SLL VIS d , il
e yd - N
s, e
O
~
i
~
—— 00 :
- T O 0009 4
—+8p€
1O NVId+~ GG |2
_l i 7~
(o T ©
O
™
~0¢6'996 4
{0v) ONILSIX3 \ DN
“N. N
x \ > -
o o w
¥000v3d g '8 —
g s 3
8 -8 0006 4 g
’ .‘ ....... R 4 ‘Y .. . ®
aea \b.k-\‘- .\ _.. e h e, \.brL_.)._}-.l.»..r.y.l- ek v o e

P S Y

A




Srrrereiana .,

AJ02v3d

X Milel
{ - —
~ 148 9 2 V2 1300w P
AQNLS LN3WNODITV3H TANNVHD  § - S
;Ww 14000y Q0OE 0002 00Ot 000t JHALOLOHd MOu
S$37VvOS
28 rEL 956 A
Adize 69 9€9'G60 | X
inog (08) D018 TYNIWYIL 40 ON3

v + Gl VIS

e,

~—(0v) DNILSIX3

1
Lox

~——g..
x

PLATE 5

PN AT AP W LI S . P W .

VP VA S S




-

!
.
r
]
3
-‘
3 \X %ﬂ NX
i \.L 148 9 3 ¢ ) 2 S S
I3 1300W g
AQNLS 1ANNVHO (MTIW) 14-65 8 Lo g 2
m >.—-.__tw qa \m 13000y 000E 0002 0001 O 000+ JHALOLOHd \m c::;amm >¢M‘L

7 S3vos AN
: 11dS dOS1¥1D i oooWV .
. ZePEL9S6 A - O
' 699€9°560'L X e \v\@y > .
: {08) 'MD0I8 IWNIWG3L 30 ON3 T -
: b2 + SLL VIS Prd P
_‘. i s P \\ \¢\ - V
4 Rt a e, ~ \\ .
a - s
b, < Ve ®)
f 180'956 A pid - .
- SpL'260°L X - i A
g ALL3M H1INOS Q3ZIYOHLNY e ‘. e ~ '
o .
y . .
p m _

et

% V= or,con s 13 g

06€'996 A MT = £eL596 8/g
0£1'860°L X < |8 sL9¢€60t NN
= Nowo—=p @

. @

<

Lainat ut

8899'9g6 A
9E1'860°L X |
14 908'€C HION3T  fe—8 ALLIM
(M1TW) 14 01- 13 )
NMOHO LD NVd
13 90i'F H1DN3T

(MI1IN) 14 81+ 13
NMOHO 09 NVd

A
X
o
(2]
w

wdi 2 |

HO0Ov3d

000'001 N )‘(

!
S
7
PLATE 6
K e e e e




— ARN Aot an aas amn o o " gty aa e

14 90L'F HLONIT
(MTIW) L4 01-13 8 ALLIM
LH NVd

0L¥'0L6 A
012'260°t X

pelele) EF]

Ix x \X
o _ . 1. [~
T oaE s o q3aow 2 '8
AQNLS 13INNVHO (MI1IW) 14-09 s g _ s
f 11dS mvov 130007 000E 000 0OOL 0 000 JHALOLOHd m ooojowm >unmuw,/l
dOS1iv10 S37vOS
28 YEL 956 A
ALigp 69 9£9'G60L X
Hinog (08) D079 TWNIWH3L 30 ON3J °
——  —PZ - GIL VIS
S rerw oo V
S P
\\/
180°956 A 7 O
ShL'Z60'L X - )
12 + 012 NOILVLS e 4 e ~
(LH) Q3ZIHOHLNY o)
"
.
O GOn 196 A

—(0V) ONILSIX3

X

+

000 060 ¢

o

801 x

PLATE 7

000°g

000 B7E 7~




AL e .q..---.‘r»i*“-*iivﬁ‘

-2. \
-4
0 2 4 6 8 10 12 14 16 18 20 22 240
. 392
//—
. 77 ™\

ELEVATION IN FT NGVD
Q
I'd
-
N
7

-2
\
-4
g 2 4 6 8 10 12 14 16 18 20 22 24 0
. 849

o / /
N 7

]

0 2 4 6 8 10 12 14 16 18 20 22 24 0
TINE IN HOURS AFTER MOON'S TRANSIT OF 124TH NERIDIAN

TEST CONDITIONS NORTH JETTY STUDY
TIDAL RANGE AT STATION 406 8.95 FT 48-FT (MLLW} CHANNEL
OCEAN SALINITY (TOTAL SALT} 33.0 PPT
FRESH WATER DI1SCHARGE 300,000.0 CFS EFFECTS OF

PLANS A1 AND RZ
ON TIDAL HEIGHTS

LEGEND STATIONS
BASE —_— S4. 392. AND 848
PLAN Al — — —

PLAN AZ —-—

PLATE 8

I RN W SO PON. S T, AP S R T U PR P PR A e e s - o ) . . ‘]




DERa- 2 A i i b4 Sand Jbh Shams St~ e st 3

10 SURFRCE ]
8 1
6 a
« AN /A\ s
7 ~ e el
'K - 71—
o
-2 \\'\ / \-\
N A\ ;
TEINLZ N g
-8 hd
-10
(] 2 4 6 8 10 12 1a 16 8 20 22 240
10 MIDDEPTH
8
6 15
o 4 — [~ O 9
£ K P el AN ¢
E /4 N
L
=L, LN AN ///
3 -4 N \w._. e — o
> g o
-8
-10 | 1
g 2 4 6 8 10 12 14 16 8 20 22 240
10 BOTTOM
8
6 =3
4 - \\ — 3
2 rq-"f*x A F 0\
o I\ /a |/
BN , AN I~
W—U, N\
-4 ©
(-]
-6 w
-8
-10
(] 2 4 6 8 10 12 14 16 18 20 22 240
TINE IN HOURS AFTER MOON'S TRANSIT OF 124TH MERIDIAN
TEST CONDITIONS NORTH JETTY §TUDY
TIOAL RANGE AT STATION 406 8.85 FT 4B=FT (MLLW) CHANNEL
SCEAN GALINITY (TOTAL SALT) 93,0 PPT
FRESH WRTER OISCHARGE 300,000 .0 CFS EFFECTS OF
PLANS A1 AND A2
ON VELOCITIES
LEGEND STATION
BASE 286
PLAN Rl — — —
PLAN R2 —e—ro
PLATE 9

- e i . — PR adt




LR A N Y Y T T N T e T, LY j

6 S4
N |
4 3%5\ 5
2 \\ /V/ ‘\\ /
’ \\“//7 1/
-2 \\
-s ]
g 2 4 6 8 10 12 14 16 18 20 22 240
6 : 392
2, A k\
[+ ] /, 4 \ 1
- 7
by 2 +— ,/ N i/
3 5
= LN r N /
] N\ N\
= \) / \ /4
s N\ \
T, h _
b4
N
-4
0 2 4 6 8 10 12 14 16 18 20 22 240
6 8483
4 — \\ ~
LI\ 7 ,
\
0 \\h-/’r A/
* \\/
-4 l
0 2 4 6 8 10 12 14 16 18 20 22 24 0
TINE IN HOURS AFTER MOON'S TRANSIT OF 124TH MERICIAN
TEST CONDITIONS SOUTH JETTY STUDY
TIDAL RANGE AT STATION 406 8.95 FT 4B-FT {MLLM) CHANNEL
OCEAN GALINITY (TOTAL SALT) 33.0 PPT
FRTSH WATER DISCHMARGE 300,0000 CFS EFFECTS OF

PLANS B1. B2. AND 83
ON TIDAL HEIGHTS

LEGEND STATIONS
BASE _—— 54. 392. AND 849
PLAN Bf — — —

PLAN B2 ——ee—
PLAN 83 -—--—

L
PLATE 10

PP Ry P Ty o . e e P PR P L T W W W O Y W Y LS, Y SR . Y Wy S SO S Sy Sy S e - e - M




SURFARCE

10
8
6 e
~a b=4
4 » //\\ 2
2 K =
0 \'\ /
o L\ \ .
-4 \\ /¢r, A.—‘// ’ ©
9 3 ’
6 DA NASLE 8
e \Y/ Y/
-10
(i} 2 4 6 8 10 12 14 16 18 20 22 240
MIDDEPTH
10
8
6 5]
w 4 3
« A= \ ”-’;/ ™~ i«
z 2 \
- 0 2\ /,
N , \ Y
— -2 1 7 3 V77
I 7 \ R4
- A\ ~7 \ P / o™
w “1 o
> .6 e w
-8
-10
0 2 4 6 8 10 12 14 16 18 20 22 240
10 BOTTOM
8
6 154
o
4 P /g f = E’
2 ,
0 &\ ﬁy /2
i\\\
-2 | Y ‘ ,
R ,-% e
-4 S ®
«®
-6 w
-8
-10
0 2 4 6 8 10 12 14 16 18 20 22 24 0
TINE IN HOURS AFTER MOON'S TRANSIT OF 124TH MERIOIAN
TEST CONDITIONS SOUTH JETTY STUDY
TIOAL RANGE AT STATION 406 8.95 FT 4B-FT (MLLW) CHANNEL
OCEAN SALINITY (TOTAL SALT) 33.0 PPT
FRESH WATER OISCHARGE 00,000.0 CFS EFFECTS OF
PLANS Bl, B2, AND B3
ON VELOCITIES
LEGEND STATION
8RSE - 127
PLAN 81 — — —
PLAN 82 —-—o
PLAN B} —--—

PLATE 11

PR PPN W WY Y




10 SURFACE
8
6 e
3
4 "
2
o B \
_2 > hY
. ’
) 2 = 2
-6 N < 4 @
-8
-10
] 2 4 6 8 10 12 14 16 18 20 22 240
10 MIDDEPTH
8
® g
g — 2
2 ﬂﬁ
z g
> o N . /f
Y2 N /é’ < W,
8 L
o4 ==l @
>_6 w
-8
~10
o 2 4 6 8 10 12 14 16 18 20 22 240
10 ' BOTTOM
8
6 ]
[=]
4 -
2 = SN m\
7 -
o “§§=h§ A
> V
-2 S S
A ~ -/
-4 > @
m
-8 w
-8
-10
0 2 4 6 8 10 12 14 16 18 20 22 240
TIME IN HOURS AFTER MOON'S TRANSIT OF 124TH MERIGIAN
TEST CONDITIONS SOUTH JETTY STUDY
TIDAL RANGE AT STATION 406 8.95 FT 48-FT (MLLW} CHANNEL
OCERAN SALINITY {TOTAL BALT! 33.0 PPT
FRESH WRTER OISCHARGE 300,000 .0 CFS EFFECTS OF
PLANS B1. B2. RAND B3
ON VELOCITIES
LEGEND STATION
BRSE 160
PLAN Bl — — —
PLAN B2 —-—
PLAN B3 —--—

PLATE 12

E . PRSI G G P T TR W SRR S

amlia

Talae

Aa. x.m

e &

PSR

T AdmA




e . L maas Suenc s acese meen 4 A G cngihay Sade Saae S J -,

?, L
K5
(‘ 10 SURFACE
S 8
o 6 g
N . e
N 8 <
2 ~ g =N\
) 0 v > A
7
. -2 \‘(‘,\‘ o .\ )4 —
- 4 3\ ‘ N ‘£
\'_ . - a
-6 ‘N AN 2
ENE NI NS
N -8 Ay
h -18
Y (] 2 4 6 8 10 12 14 16 18 20 22 240
10 MIBBEPTH
AN 8
A 6 8
» 5
RN L S -
o Lo 2 - i -
E I 4 ’
She 8 =]
g IR v/ /
8 N e
- d-‘ e 7 o 1 ©
- > -6 Nados \‘ r—\’ s
. -8
: -10
! o 2 4 6 8 10 12 14 16 18 20 22 240
L 10 BGTTOM
0
L 6 e
- (-]
4 o I
z “.Q-@ P
e 2 NN 7
._:_. 0 N I -
T -2 % A e
._:.. -4 _ ©
. -]
.. -6 w
-8
- -10
. o 2 4 6 8 10 12 14 16 18 20 22 2490
TIRE IN HOURS AFTER MOON'S TRANSIT OF $24TH MERIDIAN
- TEST CONDITIONS SOUTH JETTY STUDY
<1 TIOAL RANGE AT STATION 406 8.95 FT 48-FT (MLLW) CHANNEL
) OCERAN SALINITY (TOTAL SALT) 33.0 PPT
. FRESH WATER D1SCHARGE 300,000.0 CF§ EFFECTS OF
o PLANS Bl. B2. AND B3
ON VELOCITIES
LEGEND STATION
2. BASE 286
PLAN B — — —
by PLAN B2 —-—
PLAN 83 —--—
PLATE 13

PPN IDNG SRS N Wy UV S S S U " DU YL USSR SISO, . S S g;'_wwmw



Dhal)
£ e

SURFACE
5

7

i

0 12 14
MIDCEPTH

VELOCITY IN FPS
&
|/

BOTTONM

—

NG

\

-4 S

-10
0 2 4 6 8

TEST CONDITIONS
TIDAL RANGE AT STRTION 406
OCERN SALINITY (TOTAL SALT)
FRESH WATER DISCHARGE

LEGEND
BASE —_—
PLAN B! — — —
PLAN BZ ——--—
PLAN B3 —--—

PLATE 14

10 12 14

8.95 FT
33.0 PPT

300.000 .0 CFS

16

18 20 22 24 0

TIME IN HOURS AFTER NOON'S TRANSIT OF 124TH NERIODIAN

SOUTH JETTY STUDY

A8=FT (MLLW} CHANNEL
EFFECTS OF

PLANS BI. BZ2. AND

ON VELOCITIES
STATION
823

FLOOD

EBB

FLOOD

£88

FLOGO

EBB

B3

-

a

mEmmA s} A A8

c_e_t.s o . ¢ eemmma e a2 S aBA D AR s oA Aasa A S SNER & v ALY



TR T T TR T T T 8 VR T R

et el Rk el NS il sl i N S R T R s s e e e e " T

Aachendenbadtn. o

ELEVATION IN FT ‘RGVD

54

0 2 4 6 ] 10 12 14 i6 18 20 22 24 0
. 392
h
4 AN

\
N-

0 2 4 6 8 10 12 14 16 18 20 22 24 0
TINE IN HOURS RFTER MOON'S TRANSIT OF 124TH MERIDIAN

-4

TEST CONDITIONS JETTY B §TUDY
TIDAL RANGE AT GTATION 406 8.85 FT 4B-FT (MLLW) CHANNEL
OCEAN SALINITY (TOTAL SALT) $s.0 rPT
FRESH NATER DISCHMARGE 300,000.0 CFS EFFECTS OF

PLANS FO AND F1

ON TIDAL HEIGHTS
LEGEND STATIONS
BASE 54. 332. AND 849
PLAN FO — — —
PLAN F1 ——-

PLATE 15

[P W WP P PO N ; PO S SR Vo = o Seandesedenuld




R AL it i R I el 4 e ——

0 SURFACE
| Rl
|
8
5 [~=)
PN A3 S
4 p > b
; 7
0 ,
Y 74 7
-4 N —ﬂ' P [ -]
~ 4 ©
-6 k\\ AN /\_:é W
-8 e AN
-10
2 4 6 8 10 12 14 16 18 20 22 24 0
‘o MIDDEPTH
8
® g
o 4 = i 3
a Z 2 R b
S i
— 0 l’
> N
., \ 7
Q 4
S -4 / ©
. 2 )/ 2
\ N L _A
-8
-10
2 4 6 8 10 12 14 16 18 20 22 24 0
10 BOTTOM
8
6 =3
(=]
4 -l
P‘j’ ~ < L
2 7 ﬂf
Y X % f \
-2 AN A\ <
g N
- A
! N 7 2
-8
-10
2 4 6 8 10 12 1a 16 18 20 22 24 0
TINE IN MDURS AFTER NOON'S TRANSIT OF 124TH NERIDIAN
TEST CONOITIONS JETTY 8 STUDY
TIDAL RANBE_AT STATION 406 8.95 FT 4B-FT (NLLW} CHANNEL
OCEAN SALINITY (TOTAL SALT} 33.0 PPT
FRESH WATER DISCHARGE 300,000 .0 CFS EFFECTS OF
PLANS FO AND F1
ON VELOCITIES
LEGEND STATION
BASE - 127
PRAN FO — — —
PLAN FLL —— -
PLATE 16

L WK VI O A T S a

1. o

PPN RV

.

a0 ekl Tl

A A

SV

N O

LM .

N B N

[



SURFACE
o
o
o
-t
[ "
P2 ™
L7 [ R B
[ N p
A\ Z
[T}
6 8 10 12 14 16 18 20 22 248
MIDDEPTH
[=]
o
o
0 )
a ("
- AP ~ba
= *, i N\ 7
= % N 4
‘é_‘ A Pa N\ /
w N v ‘h’\‘:"/ g
> _g w
-8
-10
] 2 4 6 8 10 12 14 16 18 20 22 240
10 BOTTOM
8
6 e
o
4 -
[T
. /' - ' [R‘K
o Pt " SN 7
-—
-2 o '&\-
|
-4 ®
@®
-6 w
-8
-10
] 2 4 6 ] 10 12 14 16 18 20 22 240
TINE IN HOURS AFTER NOON'S TRANSIT OF 124TH MERIDIAN
TEST CONCITIONS JETTY B STUDY
TIOAL RANGE AT STRTION 406 8.95 FT 4B-FT (NMLLW) CHANNEL
OCEAN SALINITY (TOTAL GALT! 33.0 PPT
FRESH NATER D1SCHARGE 300,000 .0 CFS EFFECTS OF
PLANS FO AND F1
ON VELOCITIES
LEGEND STATION
PASE —_— 160
PLAN FO — — —
PLAN FI ——
PLATE 17

hITN B L NPV P Y S DY W U G . WP - pen

g

Y L TETLII0

i

5
U ECTY VN

i
J
p




3

v
P
.
-‘ N
.

.

.-,,...-vﬁ-,,,v",,
(X e

T .

[

—
‘0 SURFACE
8
6 =
~
. Lol bt
V(\\\ e
2 X 4 R 7
P
0
2 / AN Y
-4 N 8 \ pd .
6 N N LA @
- v P
-8
-10
o 2 4 6 8 10 12 14 16 i8 20 22 24 0
10 MIDDEPTH
8
s g
(2] 4 o . -
a N w
w 2 ,/_ /-/"\‘\ N
z
z, N, 7 P
>
s ON AN 7
o V=4 A\ N
b ~ T\ 3
>_s wt
-8
-10
(] 2 4 6 8 10 12 14 16 18 20 22 240
10 BOTTOM
8
© s
4 -
A ’ -
Z \\7 = lf>’- e
o J—%
= 3 7
LN AT AN
s A =
..‘ ©
-]
_6 Wi
-8
-10
o 2 4 6 8 10 12 14 16 18 20 22 24 0
TINE IN HOURS AFTER MODN'S TRANSIT OF 124TH MERIDIAN
TEST CONDITIONS JETTY B STUDY
TIDAL RANGE AT GTATION 406 8.95 FT 4B-FT (MLLW) CHANNEL
OCEAN SALINITY (TOTAL SALT} 33.0 PPT
FRESH WATER DISCHARGE 300,000 .0 CFS EFFECTS OF
PLANS FO AND F1
ON VELOCITIES
LEGEND STATION
BASE _— 286
PLAN FO — — —-
PLAN F{ - —--—
|
—
PLATE 18




L e Am An an e b 4 o

ke A Somee K .

p
0 SURFACE {
8
6 ]
o
4 e
2 kiL ST AT
V, L
] N /, 1
-2 \ /’// \ /
N S N 7 ]
N\ N~ N a ]
-6 == = w
\_/ N———"
-8 :
-10 <
o 2 4 6 8 10 12 14 16 18 20 22 240
10 MIDDEPTH
8
6 ]
o
o 4 = = 2
vy 2 ) i /-A‘
4
b 0 \\ ,/ \ / ]
e VA N\ /
g7 . 2 BN -7
S - ;4 e S 7
= Tl N’ a -
> _s td .
-8 3
-10 *
] 2z 4 6 8 10 12 14 16 18 20 22 240 .
0 BOTTOM k
8 k
6 8
[=]
4 -
Al —i./ -
2 /M ﬁ@ X
0 P A N
e Y Va
— N=H
-‘ o
-6 ;l
-8
-10 ~
0 2 4 6 8 10 12 14 16 18 20 22 24 0
TINE IN HOURS AFTER MOON'S TRANSIT OF 124TH MERIDIAN
TEST CONDITIONS JETTY B STUDY
TI0AL RANGE AT STATION 406 8.95 FT 48-FT (MLLW} CHANNEL
OCEAN SALINITY (TOTAL SALT} 33.0 PPT
FRESH WRTER DISCHARGE 300,000 .0 CFS EFFECTS OF
PI.LANS FO AND F1
ON VELOCITIES
LEGEND STATION
BASE _— 823
PLAN FO — — —
PLAN FI — .

PLATE 19

L W S A . S G N U Uk Y- T —




.

Dt Nt
,. Lt

L}
“. y M

54

_z \
-4
o 2 4 5 s 10 12 14 16 18 20 22 240
5 382
o
z 4 \ =
o
z
<2
= A
Zo \\\
B2 /
w_a R~ A
- T /
wl
-4
0 2 4 6 9 10 12 14 18 18 20 22 240
6 849

I

V4

° N\

FRESH WATER DISCHARGE 300,000 .0 CFS

LEGEND
BASE _—
PLAN CO — — —
PLAN ] ——-——
PLAN €2 -—--—

-2 \
-4
(] 2 4 6 8 10 12 14 16 18 20 22 240
TIME IN HOURS AFTER MOON'S TRANSIT OF §24TH MERIDIAN
TEST CONDITIONS
TIDAL RANGE AT GTATION 406 8.95 FT S5-FT (MLLW) CHANNEL STUDY
DCEAN GALINITY (TOTAL 6ALT] 33.0 PPT

EFFECTS OF
PLANS CO. Ci1. AND C2

ON TIDARL HEIGHTS

STATIONS
S54. 392. RAND 849

PLATE 20

[ S W P W L W I AL L ) LI PSP G U WY WP W U SR SRS WD S S ) — PRI U G -y

L,.- st hm atalaela aa - B

b




SURFACE
10
8
6 e
o
4 =7 - A-\ \:‘
2 y
o ‘ S 77
N p
-4 ‘ '/ - — s e ©
-6 \ Y @/ ol S b
. 74 A
-10
0 2 4 6 8 10 12 14 16 18 20 22 240
MIDDEPTH
10
8
6 a
w4 — > ~ 3
a ~ - - e
w ? h’?w ~ n \
z
I\ w2 Vi
A i
S . /2 y: '71
o AN -V @
> _6 = ~ \—\\ =z w
-8
-10
0 2 4 6 8 10 12 14 16 18 20 22 24 0
10 BOTTOM
8
6 ]
o
4 5= E = =] <«
2 —75 //
0 #/ \ L7/ 7
2 AN 2] AL
N N/ P
N d-7 =1 o
-6 w
-8
-10
0 2 4 6 8 10 12 14 16 18 20 22 240
TIME IN MOURS AFTER MOON'S TRANSIT OF 124TH MERIDIAN
TEST CONDITIONS
TIDAL RANGE AT STATION 406 8.95 FT S5-FT (MLLW] CHANNEL STUDY
OCEAN SALINITY (TOTAL SALT) 33.0 PPT
FRESH WATER DISCHARGE 300,000.0 CFS EFFECTS 92F
PLANS CO, Cl., AND C2
ON VELOCITIES
LEGEND STRTION
BASE _ 127
PLAN CO — — —
PLAN C1 —-—n
PLAN C2 —--—

PLATE 21

Cmtat it alatat e A Mt e atatata miaiata. adadalat o tatadoSmlad o et atad. i Nel_ . s aca_a_meal e LA ~-.__._'__J



X300

i

wv T YT e er——

P AN
'v’-‘a";
Coe A,

RSL I as 2
.

T ———————— T ————— T T

SURFACE
10
8
6 e
o
‘4 fre
2 P
0 Y
‘4?"
-2 \
-4 N 1/ ] o
I \Nefer? S 8
-8 —
-10
0 2 4 6 8 10 12 14 16 18 20 22 24 0
MIDDEPTH
10 —
8
s g
z &
2 N
z
z 7 NS B
-
)
g AN
o 72
o4 et Bt 2 -
>_6 wi
-8 T_
-10
0 2 4 6 8 10 12 14 16 18 20 22 24 0
10 BOTTOM
8
s g
: as o <
T TN N
, N Y AN 4
< P—— /
_‘ Py
(]
-6 w
-8 4
-10 [
0 2 4 6 8 10 12 14 16 13 20 22 240
TIME IN HOURS AFJER HOON'S TRANSIT OF 124TH MERIDIAN
TEST CONDITIONS
TIDAL RANGE AT STATION 406 8.95 FT 55-FT (MLLW) CHANNEL STUDY
OCEAN SALINITY (TOTAL SALT) 33.0 PPT
FRESH WATER DISCHARGE 300,000.0 CFS EFFECTS OF
PLANS CO, Cl., AND C2
ON VELOCITIES
LEGEND STATION
BASE 160
PLAN €0 — — —
PLAN C1 ——~—o
PLAN C2 —<-——

PLATE 22

PN NPT Y VN SPN APPSR R . R I \-A'.}




L saas Jecn 2 - - - wyry e W L e N 2 A i i IRAS AN Svulh Sater i ¥ RS T4 e LA aanh 4a)
L
SURFACE
10
8
6 =
4 s 3
= N I
2
: U \ >4 i
-2 —5 v > )
-4 Sy / \\ v ° 3
- -
-6 \qﬁjl/ g\f"f (] 4
L
;“‘ -a 4
3 -10
; (] 2 4 6 8 10 12 14 16 18 20 22 240
‘ MIDDEPTH
L | 10
[ ;
o 8 .
o " 6 o R
3 ] |
‘-. 2 ‘ — : o4
z
= 4 N i
3 g '4/
L -4 ®
W @
S >_s w
-8
-10
] 2 4 6 8 10 12 14 16 18 20 22 24 0
10 BOTTOM
8
6 a
o
4 b
2 [ \\L\ ]7224
0
-2 & \ /ﬂ
- AN =
-‘ ®
@«
-6 w
-8 —
-10
0 2 4 6 8 10 12 14 16 18 20 22 240
TIME IN HOURS AFTER MOON'S TRANSIT OF 124TH MERIDIAN
TEST CONDITIONS
TIDAL RANGE AT STATION 406 8.95 FT S5-FT (MLLKW} CHANNEL STUDY
OCERAN SALINITY (TOTAL SALT) 33.0 PPT
FRESH WATER 0ISCHARGE 300,000.0 CFS EFFECTS OF
PLANS CO0., C!1., AND C2
ON VELOCITIES
LEGEND STATION
BASE _— 286
PLAN CO — — —
PLAN €1 —-—
PLAN C2 —--—

PLATE 23

Ae A nn N a - A T 3 e ne mendba OIS P N DU SR I S




=T

siiaiiaR "?.'T“-‘ NN I ool I B

. ,rprﬂ'iw ——
o & . 4 * N . i

nd

NS - S AORTEES - §¢

.tv

R

T

O N & 0 0

o N » 0 O

U
N

VELOCITY IN FPS

TIME IN HOURS AFTER MOON'S TRANSIT OF 124TH MERIDIAN

TEST CONDITIONS

TIOAL RANOGE AT STATION 406
OCEAN SALINITY (TOTAL SALT)
FRESH WATER DISCHARGE

8.95 FT
33.0 PPT
300,000.0 CFS

SURFACE
s
N\ /|
P N / 3
4 8
2 4 6 8 10 12 14 16 18 20 22 24 0
MIDDEPTH
g
o =
N // A VA4
A 2
s g
2 4 6 8 10 12 14 16 18 20 22 24 0
BBTTOM
oo S -
N
D ™ o= V’
s
2 4 6 8 10 12 14 16 18 20 22 24 0

S§5-FT (MLLW) CHANNEL STUDY

EFFECTS OF
PLANS CO. C1. AND C2
ON VELOCITIES

LEGEND STATION
BASE _ 823
PLAN CO0 — — —
PLAN C1 —-—
PLAN C2 —--—
PLATE 24
Bl i Bl a PO, . ik 1\_LA;LL P A PP S

- X a2 a & ala A‘J

J -

ok

R

Al e aaaa




PO T et
. ..

54

‘NGVD

{
4 6 8 10 12 14 16 18 20 22 240
392
J// A
\ -
N X
/ /
/ N 4
4 S
\ /)

ELEVATION IN FT

849

Y4
P y 4

7 Y/

N2

4 6 8 10 12 14 16 18 20 22 240
TINE IN HOURS AFTER_HMOON®S TRANSIT OF 124TH MERIDIAN

TEST CONDITIONS JETTY 8 STUDY
TIOAL RANGE AT STATION 406 8.95 FT S5-FT (MLLW) CHANNEL
OCEAN SALINITY {TOTAL SALT) 33.0 PPT
FRESH WRTER OISCHARGE 300,000.0 CFS EFFECTS OF

PLANS GO. Gi. ANO G2

ON TIDAL HEIGHTS

LEGEND STRATIDNS
BASE (CO) ————— S54. 392. ANO 849
PLAN GO — — —

PLAN 61 —w—
PLAN 62 —--—

PLATE 25

PRI (AT WIS WL IPNE DA IR SN TPULIPNE WAG. AN NS DAY TP U AT PGS (R SR S SO WO SO\ WP WO GOy S WA T U U W W W S S S U



(|
SURFACE
& 10 ~
6
6 g
‘. 4 ) . u_.‘
" 2
n o /
: MmN 7 R ,
2N 7 ¥ i
-6 X‘ / ’/ 8
N A -
-8 -~ |~ ~ N
-10
0 2 4 6 8 10 12 14 16 18 20 22 24 0
‘0 MIDDEPTH
s
® g
R > 2
w o, -, /]
z
> 0 y
Y2 ’A 3\ /
§-4 ) Z 3 4
7 e N 7L~ -]
N NS = _ 2
- ~F
-8
-10
0 2 4 6 8 10 12 14 16 18 20 22 240
10 BOTTOM
8
6 15}
4 S
=D — w
2
0 ’
-2 / v L/
AS oy o
b -4 N — — -]
1 -6 w
-8
.. -10
- 0o 2 4 6 8 10 12 14 16 18 20 22 240
i TIME IN HOURS AFTER MOON'S TRANSIT OF 124TH HERIDIAN
;. -
. TEST CONDITIONS JETTY 8 STUDY
¢ TIDAL RANGE AT STATION 406 8.95 FT S5-FT (MLLWJ} CHANNEL
OCEAN SALINITY (TOTAL SALT} 33.0 PPT
FRESH WATER DISCHARGE 300,000.0 CfS EFFECTS OF
" PLANS GO. Gi. AND G2
ON VELGCITIES
. LEGEND STATION
BASE (CO) — 127
PLAN GO — — —
PLAN G —o-—o
PLAN 62 —--—

PLATE 26

4 - P - - - - N .- -
- PN P U - < ot PO PO TR A I WU IR T P . . PR Uy W S R N S T S YU




SURFACE

10
8
6 &
o
‘4 c
2 e lfca?:&
o \
N 4
-2 p
-4 = > P @
-5 ‘—?/ §z’<«:-p/ S
-8 i
-10
0 2 4 s 8 10 12 14 16 18 20 22 240
10 MIDBEPTH
8
6 8
o
2 ¢ c
[T -
z 2 /ﬁ =)
— 0 ’ .
e N i 3, 4
I VP N
b S s F a
>_s w
-8 —
-10
(] 2 4 6 8 10 12 14 16 18 20 22 24 0
0 BOTTOM
8
6 s
R e
’ [P A “
L/ >
0 N 7 N\ -
-2 <F
-4 22 @®
[~]
-6 ™
-8
-10
0 2 4 6 8 10 12 14 16 18 20 22 240
TIME IN HOURS AFTER MOCN'S TRANSIT OF 124TH MERIDIAN
TEST CONDITIONS JETTY B STUDY
TIDAL RANGE AT STATION 406 8.95 FT S5-FT (MLLW) CHRNNEL
OCEAN SALINITY (TOTAL SALT) 33.0 PPT
FRESH WATER OISCHARGE 300,000.0 CFS EFFECTS OF
PLANS GO, G1, AND G2
ON VELOCITIES
LEGEND STATION
BASE (CO) — —— 160
PLAN GO — — —
PLAN G1 ——-——
PLAN 62 —--—-
PLATE 27

3
3
:
b

PP

"

Adod Bk

PR EPY W N PPV N RS- W I Ny

PEPY © W

L DRSSP UV SIS S L T S L




.

S S VN

1
L
8 P
<
4
—
10 SURFACE 4
o .
& 8
. Py E, )
2 £ N ]
0 1
-2 «
-4 " A ~
- ¢ o
6 ‘ SN/ 8 ‘
-8
-10 -
] 2 4 6 8 10 12 14 16 18 20 22 240 *
10 MIODEPTH .
s .
5 8
n 4 ~ - 3 -]
| / %-\ e 3
z r N
= AY
> 0 N % ,/ ?
S N\ i
g - 4 N .
-4 s @ .
W @ R
> _6 w U
-8 3
-10 4
] 2 4 6 8 10 12 14 16 18 20 22 240 "
]
10 BOTTOM ]
8
6 =]
o .
- J
: % :\>\ aead * "
2 - )
AN I AL~ E
c oy 4
N s~ ]
-2 W O g
-4 “ -9
] R
-6 s P
-8 i
-10 ]
i} 2 4 6 8 10 12 14 16 18 20 22 240 B
TIME IN HOURS AFTER HOON'S TRANSIT OF 124TH MERIDIAN R
4
K
TEST CONDITIONS JETTY B STUDY .
TIOAL RANGE AT STATION 408 8.95 FT 55-FT (MLLW) CHANNEL
OCEAN SALINITY (TOTAL SALT) 33.0 PPT ;
FRESH WATER DISCMARGE 300,000.0 CFS EFFECTS OF ,
PLANS GO, Gi., AND G2 g
ON VELOCITIES R
LEGEND STATION .
BASE (CO) —— 286
PLAN G0 — — — }
PLAN G| —-——
PLAN 62 —--—
.Y
PLATE 28 ]
4
]
4

b albadobedededododod ol obadeald b o o oo 2% 2" o o Bedeandnd o 2 A o . bl " J




T Y

] [ o

W

i

SURFACE
10
8
6 e
4 b
. S -_—_ <
o /
2 N\ y A /
X ] / .
" ol i =7 s
-8
-10
0 2 4 6 8 10 12 14 16 18 20 22 24 0
MICDEPTH
1c
8
6 e
o
o4 2
w v ) *
z? y,
0 4
£, yd AN
N
7 N 7
w v &
>_6 w
-8
-10
o 2 4 6 8 10 12 14 16 18 20 22 240
10 BOTT0OM
8
& S
o
4 b
2 @‘_3—\ =S
0 &
-2 N . I/
_‘ ®
-]
-6 wi
-8
-10
0 2 4 6 8 10 12 14 16 18 20 22 240
TIME IN HOURS RAFTER MOON'S TRANSIT OF 124TH MERIDIAN
TEST CONDITIONS JETTY B STUDY
TIDAL RANGE RT STATION 406 8.95 F* S5-FT (MLLW) CHANNEL
OCEAN SALINITY (TOTAL SALT) 33.0 PPT . !
FRESH WATER NISCHARGE 300,000.0 CFS EFFECTS OF
PLANS GO, Gi., ANC G2
ON VELOCITIES
LEGEND STATION
BASE (CO) 823
PLAN GO — — —
PLAN §! -—-——
PLAN G2 —--—
PLATE 29

L |




By
-

]

o anwoas me ks Ll

i

P

VW RIRITIW VI WS W\

e dbieie e et e 2o

D SeChek]
S

~e—wTvT

an

-

6 54
ZTN
L\
=N 7 \ =
2 / X
0 \ / /
. e
-4
0 2 4 6 8 10 12 14 16 18 20
6 392
/,zx\x
N\
[=]
4 4
3 7
v A\ V4 \
T o2 // A\ P
: /7 /4
n N\ 7/ /|
§ 0 \\ 7~ l/
= b \ //
x \ - ;',/ N
E_z /] "/
w N /’/
-4
o 2 4 6 8 10 12 14 18 18 20
6 849
‘ / N /|
2 / /
0 / /
_2 \
-4
0 2 4 6 8 10 12 14 16 18 20
TIME IN MOURS AFTER MOON'S TRANSIT OF 124TH MERIDIAN
TEST CONDITIONS 60-FT MLLW CHANNEL STUDY
TIDAL RANCE RT STATION 406 8.95 FT S5-FT MLLW CHANNEL REALIONMENT
OCEAN SALINITY (TOTAL SALT) 33.0 PPT
FRESH WATER DISCHAROE 300,000 .0 CFS EFFECTS OF
PLANS HO,
ON TIDRL HEIGHTS
LEGEND STATIONS
BASE B —— 54, 392, AND 849
PLAN H0 — — —
PLAN Hl ———o
PLAN 10 —--—
PLATE 30

R P u W O S V)

e Bl D

Y

sl S b S




5
&]
=
; .
¢
-
10 SURFRCE
8
® 2
4 F=u] 2
” p N;,( 2 N
]\ ¥ .
-2 d v
, Ny
)7 J
_‘ 5
-6 / S /\A §
\ 7
-8 N 5 -
30 -
] 2 4 6 8 10 12 14 16 18 20 2 24 0
10 MIDBEPTH
T -/ T
8
6 e
[=)
E ; >~\ X :
= 0 //
E-z }#f 3 ///
3_ / Y - /
d 4 N // 74 m
= «©
= -5 /, = -/L w
-8
~10
] 2 4 6 8 10 12 14 16 18 20 22 24 0
0 BOTTOM
8
4 e
9
4 L 5 > J "%
2 S
g
2 v/ v
<=/ 3 g
. N 4 X )
\ Y N1 «
-6 Y]
-8
-10
o 2 4 6 8 10 12 14 16 18 20 22 24 0
TIME IN HOURS AFTER MOON'6 TRANSIN OF $24TH MERIDIAN
TEST CONDITIONS 60-FT MLLN CHANNEL S§TUDY
TIDAL RANGE AT STATION 406 8.95 FT S5-FT MLLN CHANNEL REALTIGNMENT
OCEAN SALINITY (TOTAL SALT} 33.0 PPT
FRESH WATER OISCHARGE 300,000.0 CFS EFFECTS OF
PLANS HO, H1. AND IO
ON VELOCITIES
LEGEND STATION
BASE 127
PLAN MO — — —
PLAN HI ——-—
PLAN 10 —--—

SN, SN S PR SO, N U S S S P ULP i ST O S S N AP

CmMama

PLATE 31

o, .
Y W R P

'

1

-_“_LL¢I"r ,

LAl P




10 SURFACE
8
& ]
o
4 |
_ w
2. .
0 \%‘\ R
-2 \ ﬂf
/ rd
-4 %“ A “ / o
o p
-6 %" S
-8
|
-10
I 2 4 6 8 10 12 14 16 18 20 22 24 0
w0 MIDQEPTH :
6
6 a
(2] 4 3
a. U
w o, TN R
z? B 3
=, ™ Y, N
8 2
-4 n = o
E N~ a
-8
10 ]
0 2 4 6 8 10 12 14 16 18 20 22 240
‘q BOTTOM
—
8 L
6 =
o
4 ry
2 4] A oy %
0 %N “ .
-2 e DY w38 .
-4 S~ -
o
-6 w
-8 —
-10
0 2 4 6 8 10 12 14 16 18 20 22 240
TINE IN HOURS RFTER MOON'S TRANSIT OF 124TH MERIDIAN
TEST CONDITIONS 60-FT MLLW CHANNEL STUDY
TIOAL RANGE AT STATION 406 8.95 FT 55-FT MLLW CHANNEL RERLIONMENT
OCEAN SALINITY {TOTAL 6ALT] 33.0 PPT o
FRESH WATER D1SCHARGE 300,000.0 CFS EFFECTS OF
PLANS HO, H1. AND 1I0
ON VELCCITIES
LEGEND STATION
BASE —_— 160
PLAN HO — — —
PLAN HY —-—
PLAN 10 —--—

PLATE 32

b
14
]
»
l
b
i
l}
b
b

!

[V e

I PP G

CAA A A Al e

M i A a s bl




p—

—y—
-

10 SURFACE
8
6
4 fﬁ
2 7
0 N '/
A ”
PR s X\
2 \ 7
. A\ Pl >
- o
-6 \ / A‘J _
~ o A
_8 [
-10
0 2 4 6 8 10 12 14 16 18 20 22 24 0
‘o MIOBEPTH
8
6
w 4 |- .
£y 17~"’<3#<§§g N
z / N3
z /A :
z o, LY A
g ‘ ks‘ \k - A
I -
[79)
> .8
-8 }
-10
0 2 4 6 8 10 12 14 16 18 20 22 24 0
10 BOTTOM
8
6
X = A
2 = N gy v -
’ —5* \ /// '
-2 — ve ~ f./l -—
-4
-6
_a 4+
-10
¢ 2 4 6 8 10 12 14 16 18 20 22 240
TIME IN HOURS AFTER MOON'S TRANSIT OF 124TH 4£R!'DIAN
TEST CONOITIONS 60-FT MLLW CHANNEL STUDY
TIDAL RANGE AT STATION 406 8.95 FT 55-FT MILM CHANNEL REALIGNMENT
OCEAN SAL'NITY (TGTAL SALT) 33.0 PPT o R
FRESH WATER DISCHARGE 300,000.0 CFS EFFECTS OF

LEGEND
BASE
PLAN HO — — —
PLAN H! ~—w—r
PLAN 10 —--—

PLANS HO., Hi., AND

ON VELOCITIES

STATION
286

FLOOD

EBB

FLOOD

EB8

FLOOD

EBB

I0

PLATE 33

LrLL| I

PSS Y W

4

P TN oN YN

B P ORI

ek A as




Lt g

Y‘

(R Jas i s

B

LNL nn A b uum 2
AN

' sl
.

& . LK

.

PP
| et

10 SURFACE
8
6 5]
4 = o, 3
e S ol a3 w
2 A e <]
0 \ /
MEAN 7 AN
N\
-4 AR ,//
\\ \ a
-6 > W
]
-8 l
-10
0 2 4 6 8 10 12 14 16 18 20 22 240
0 MIODEPTH
8
6 e
w4 g
w 2 N Pra :\ “
z N 7
z N A
23
E-Z \\\\ \ 27
NEN\Y y
g, N\ ./ N . Vi .
w jv RN —,_/ ©
> '6 W
-8
-10
0 2 4 6 8 10 12 14 16 18 20 22 24 0
0 BOTTOM
8
6 e
o
4 c
2 s S S
0 P
i} N A7)
2 = -
-4 — = @
m
_6 uwd
-8
e I
c 2 4 6 8 10 12 14 16 18 20 22 240
TIME IN HOURS AFTER MOON'S TRANSIT OF 124TH MERIDIAN
TEST CONDITIONS 60-FT MLLW CHANNEL STUDY
TIDAL RANGE AT STATION 406 8.95 FT S5-FT MLLW CHANNEL REALIGNMENT
OCEFN SALINITY (TOTAL SALT) 33.0 PPT
FRESH WATER DISCHARGE 300,000.0 CFS EFFECTS OF
PLANS HO, H1, AND IO
ON VELOCITIES
LEGEND STATION
BASE _ 823
PLAN HO — — —
PLAN Hl —-——
PLAN i0 —--—

PLATE 34




PRt aarau ) . 4 (ermatt s s Rarimn i o o SR

r ey ———y e
b
3
)
@
] w
WNO1108 ANV "Hid3aAIN M
‘3Dv4HNS 30 39VHIAV H1d3d (@v) QIaveo30 — — — 3
TINNVHD NOILYOIAVN 40 3NIT ¥3LINID Y e e
- ONOTV 37130dd ALINITIVS 3OVHIAV aNIST
!
S4D2 000'0Ov! ERER A ISR ERR /A I F)
i >DD.FW >.—-n—-w_) I._nmoz 1dd OEE {179S Tvi0L) ALINGTIVYS NY3DO
R, 134569 (11d) 90% NOILY.S 1V ADNwVY 3011 ._
SNOILIONOD 1S3L ._
SITN H3AIY CTINNVHI NOILYDIAVN 30 3INIT HILNID ONOTv IDNVLSIQ P
ve 2e oz 81 9l vi -4 ot 8 9 v 2 9} 2- 4
] ] * , T 0 3
. R |
| 7, | L ‘ .
L - _ , i w - v 4
i ﬁ v , , y
! |
S . W — . e ]
= 7 I A
! 4
i

idd A LIN'TIYS

el o d o 3

Aemdhand




28

SURFACE

24

20

8 10 2 14 16 18 20 22 24

32
N
R
28

24

|
- '
&20 f
:
z 16 -4
5
X .
12 p—- — —t
8f— - ——f——t -
o
1
e e
!
|
o |
-e Q 2 4

3 0 12 14 16 18 20 22 24
BOTTOM

TEST CONDITIONS

DISTANCE ALONG CENTER LINE OF NAVIGATION CHANNEL, RIVER MILES

10 12 4 16 8 20 22 24

T1IDE RANGE AT STA 406 (PIT) B895FT
OCEAN SALINITY (TOTAL SALT) 230 PPT
FRESHHWATER DISCHARGE 140,000 CFS NORT‘H JETTY STUDY
LEGEND
BASE (A0) AVERAGE SALINITY PROFILE ALONG
T fiinonizen (0 CENTER LINE OF NAVIGATION CHANNEL
DEPTH: SURFACE. MIDDEPTH. BOTTOM
PLATE 36

4 s ' a ata a alelala‘alatlala il atala

Satmialataralalean .h‘..__-_.J



B

IANDENDRA 44

SURFACE
32 - v J T ] 1 v [
[ |
28
N [ I F ]
| /":./\L\\\"\\ | { ‘
24 h ﬁ T —
~ \ | F
% [ ,\\ R
16 \\ + l 4
=X \ \
W 1 *
r— ! Y r T i
3 AN | ‘
8 + N t T f +
, { W1 ]
4 + | R S f
| | ‘ ;
|
L . Ll N A\:\L
0’2 [o] 2 4 6 8 10 12 14 16 18 20 22 24
MIDDEPTH
32— T T T T ’
b \\+_____ ‘)(;§ ¢ ‘\ “
28 — k\\ v*»f\i—*ﬁ—L e e
s {\ I |
24 A | 4 N —
s i \\ | |
| | !
g 20 1 f NN r =
E H N N ! !
£ | \ | \
z 16 \\‘. | R
i N .
L I e | SR
! | \‘E !
8t— PR S— ,]‘ — - \ —-———%——«
I | N |
P — } — = R -
o <
| . ! I
0-2 (o) 2 4 6 8 10 12 4 16 18 20 22 24
12 BOT TOM
i o === R W T
- e {
28 X —
24 =53
l \
20 ] + f
16 4
[
o 4
I i
8 f
b I
4 —_4}_,7
|

IHENENRERERR

-2

0 2 4 6 8 10 12 14 16 18 20 22 24
OISTANCE ALONG CENTER LINE OF NAVIGATION CHANNEL , RIVER MILES

TEST CONDITIONS
TIDE RANGE AT STA 406 (PIT) 895FT
OCEAN SALINITY (TOTAL SALT) 330 PPT

FRESHWATER DISCHARGE
LEGEND

140,000 CFS NORTH JETTY STUDY

BASE (AO) MAXIMUM SALINITY PROFILE ALONG
Dee o Gy CENTER LINE OF NAVIGATION CHANNEL

DEPTH: SURFACE. MIDDEPTH. BOTTOM

PLATE 37

e bt aad

Py

PPNy IR

PRI

L‘J‘.Z.‘A—' .

PP SPLIPY L R,




32 v ™

SURFACE

28

24

20

/
Y

32

28

24

20 1%

SALINITY, PPT
>
4

32 - T

)

l

24—

2ol N\

Bndnaiaitih,

P
e daa

"

- r___<r |
L

el BeA A

0 " "
-2 0 e 4

TEST CONDITIONS

TIDE RANGE AT STA 406 (PIT) 895FT
OCEAN SALINITY (TOTAL SALT) 330 PPT
FRESHWATER DISCHARGE 140,000 CFS
LEGEND
——  BASE (AO)

_____ AUTHORIZED (A1}
—— DEGRADED (A2)

DISTAN.CE ALONG CENTER LINE OF NAVIGATION CHANNEL , RIVER MILES

10 12 14 15 8 20 22 24

NORTH JETTY STUDY

MINIMUM SALINITY PROFILE ALONG
CENTER LINE OF NAVIGATION CHANNEL
DEPTH: SURFACE: MIDDEPTH: BOTTOM

.,&M'..'.'A".IA‘

PLATE 38

:

.

s laatala o s v ale a2 a2 Al il el a ata .‘.'.‘;'.'J




W0O1108 ANV

‘H1d3AaIW '30V4HNS 3O 3DVHIAVY ‘H1d3a
TINNVHO HLHON 40 93IMIVHL
ONOV 371404d ALINITVS 3DOVHIAVY

AQNLS ALL3C HLYON

0z

S3THN H3AIY TTINNVHD HLHON 340 DIMIVHL ONOTV JONVLSIA

81 9l

vi

4]

oL

$40 000'0% !t
ldd 0°€€

JOHVHOISIQ H3LVMHSIHS

(L7VS IvL0L) ALINITVS NV3O0

14 S6'8 (11d) 90 NOILYLS LV 3IONVYY 3011

NOILIGNOD 1S3L

Ldd "ALINITVS

(ZV) Q3QVHIIQ =m———— e e
{1V) O3ZIHOHLINY = = «= e eman

(0v) 3sve

aN3931

PLATE 39

P WS

B Mmoo a

PP S OV Iy

Dot DB A a

e

add

POy

o

"

A

PR WP U A )

pad ol S g




| I S gt i ean Seagige Matil Saut Shene Sant gl M Shamb Vil Mt AN Nttt S Mt S i Je i Pt G it A Seud e i il S P S A S e

SURFACE
18 T - r
1
2 N,
\
RN
4 \\
0
6 8 10 12 14 16 18 20
24 MIDDEPTH
20 -
\\\\\\
16 > S—
2\
\\\\
R\
12 \\\
\\\k
- E R N \\
: - K \\k
o z \;\\
o <4 \
b~ @ \
° —
] ) 10 12 14 I} 18 20
- 28 BOTTOM i
- ‘ |
b g I
- 24f >~ ‘
¥ =3 s
- \\\ \\ ‘}
20 p \\
" N\
N
N
12 \\‘
N N
\N
- '
° )
4 \ 44— 4
0 i
[ 8 10 12 14 T s 20

DISTANCE ALONG THALWEG OF NORTH CHANNEL. RIVER MILES

TEST CONDITIONS

TIDE RANGE AT STATION 408(PIT)895FT
OCEAN SALINITY (TOTAL SALT) 330 PPT

FRESHWATER DISCHARGE 140,000 CFS
LEGEND
GASE O} NORTH JETTY STUDY
S Myl S o AVERAGE SALINITY PROFILES ALONG

THALWEG OF NORTH CHANNEL

PLATE 40




SURFACE
32 T 32
2 MA XIMUM : MINIMUM
28 = 28 t -
- .
24 24— t
v .
20 20
+ ;
16 16 ‘
|L I
12 12} +
r B !
X ’e
-] 8 —
! N
4 ~ 4 t ;
o ° L
6 8 10 12 4 16 8 20 6 8 10 12 14 16 8 20
MIDDEPTH
32— - 32 v T
™ | : |
28w 28 —
L . !
\\\ |
|
24 :“ S 24
| \‘\\ i
N\ i
20 \R 20 .
\
16 \\ 16
.12 \\ 12 |
& [
a \
Z 8 . 8
i \\
J \» \
\J
& a Y eSS
o] = o .-
[ 8 10 12 14 i6 8 20 6 8 1) 12 14 16 8 20
BOTTOM
32p v 32
L T
28— PP 28
\ Y
NN b
24 e 24
AN
~
20 \“ 20
\\\
16 “: 16
\ '&\
12 A 12y
\ ‘\\
\
8 8 x‘\ N .
D |
4 RNy 4 >y :
R\ N
0 . . i M e
[} 8 10 12 14 16 8 20 10 12 14 1] 13 20

TEST CONDITIONS

TIOE RANGE AT STA 406 (PIT)
OCEAN SALINITY (TOTAL SALT)

FRESHWATER DISCHARGE

LEGEND
BASE (AQ)
AUTHORIZED (A
DEGRADED (A2)

1}

895FT
330 PPT
140,000 CFS

8
DISTANCE ALONG THALWEG OF NORTH CHANNEL. RIVER MILES

NORTH JETTY STUDY

MAXIMUM AND MINIMUM
SALINITY PROFILE ALONG
THALWEG OF NORTH CHANNEL

DEPTH: SURFACE. MIDDEPTH. BOTTOM

S S . o “ wote .
W TR TR T TV W T W O T L R . W

PP

PLATE 41

PSP ST W WA SR vy P SP R RE S Y




TPy ———— P p—— T ——— -
“
1
i
k!
4
i
WOL1 109 GNV ‘H1d30AIn €8a) BYHIY — - - — i
*IDOVIENS 40 JOVHIAVY (HL1d3d (28) Q3gvyo3q —-~ — — i
T3INNVHD NOILVOIAVN 40 3INIT ¥31N3D epdzLonLty T~ 1
ONOTY 3711408d ALINITVS JOVHIAV 5555
AQN1S ALlLL13r HLNOS $42 000°0v! I0WVHISIQ HILVMHS I
1dd O'EE  (17vS IWI0L) ALINITIVS NV3IDO
14668 (Llid) 90t NOILVLS LV 3ONVY 3011
SNOILIONOD 1S3t B
S3UN H3AIH CTINNVHD NOILVDIAVN 40 INIM H31N3ID ONOIV IINVISI] 4
2 22 oz el 91 4 2 01 ] 9 4 2 0 2~ ‘
0
L
4
) q
A
" |
I 4 1
z ]
= 1
° .
91 m
<
0z
»2
‘4
-
a2 9
gQ
e ;
< . 4
J .
a . 4
.,4
-




SALINITY, PPT

f
|
NS EEERA B
a1 f SR #H
o ! I_L‘ | l 1
- o 12 14 16 18 20 22

TEST CONDITIONS

TIDE RANGE AT STA 406 (PIT) B89S5FT
OCEAN SALINITY (TOTAL SALT) 330 PPT
FRESHWATER DISCHARGE 140,000 CFS
LEGEND
BASE (AO)

—— —— DEGRADED {(B2)
——-—— REHAB (B3)

AUTHORIZED (B 1Y)

4
OISTANCE ALONG CENTER LINE OF NAV

IGATION CHANNEL, RIVER M!LE%

SOUTH JETTY STUDY

AVERAGE SALINITY PROFILE ALONG
CENTER LINE OF NAVIGATION CHANNEL
DEPTH: SURFACE; MIDDEPTH: BOTTOM

J

24

PLATE 43

Amelettn A

i

Y

bt e n A Nh el




Lot sndl aunder subdh e o

T T % T W e v,

32

SURFACE

28

24

A =N
P -ﬁj\\.\ h
/< N

20

32

28

24

20

SALINITY, PPT

el
-
b

32

22

=)

24

20

T,_‘L

oL

2 "

_ 1&

FRESHWATER DISCHARGE
LEGEN

REHAB

[¢] 2 4 6
DISTANCE ALONG CENTER LINE

TEST CONDITIONS
TIDE RANGE AT STA 406 (PIT)
OQCEAN SALINITY (TOTAL SALT)

895 FT

330 PPT

140,000 CFS
D

BASE (AO)
AUTHORIZED (B8 1)
DEGRADED (B2)

B3)

@

10 12 4 16 18 20 22
OF NAVIGATION CHANNEL, RIVER MILES

24

SOUTH JETTY STUDY

MAXIMUM SALINITY PROFILE ALONG
CENTER LINE OF NAVIGATION CHANNEL
DEPTH: SURFACE. MIDDEPTH: BOTTOM

PR

PLATE 44

o - RPRPRNPLrY

Aot ez LA

fmtmaatalaaMlia'a-"® i




L
.
&
L
-
s'_ .'
o
o 22 SURFACEV ‘r
o [ .
N 2e ‘
4 [ |
|4 3 B
A i i 1
a8 20 —f - -
. ) ' 4
16 I
12 i\ |
N |
8 N ]
N
i \"’\4 —
4 <~
L T
0 \"T —r—t
2 0 2 4 6 8 0 2 14 16 18 20 22 24
MIDDEPTH
32— — - — T
L | p
28
24 F\ | }
— 1
&
-
z
z
-
<
(%]

A
l

|
|
2 o 2

|
I S A

N

6 8 10 12 14 16 18 20 22 24
DISTANCE ALONG CENTER LINE OF NAVIGATION CHANNEL , RIVER MILES
TEST CONDITIONS
TiDE RANGE AT STA 406 (PIT) 89S FT ,
OCEAN SALINITY (TOTAL SALT) 330 PPT
FRESHWATER DISCHARGE 140,000 CFS
HARGE SOUTH JETTY STUDY

————  BASE (AO) MINIMUM SALINITY PROFILE ALONG

DI puTHomizED (BY CENTER LINE OF NAVIGATION CHANNEL

——-— REHAB (B DEPTH: SURFACE . MIDDEPTH, BOTTOM

PLATE 45

Vil ST VAP RPN T WL S | PP . P




BAho) Saerasas ne away a4 0 o M4

WO1108 aNV
'H1d3AdIW '30V4HNS 40 3DVHIAV ‘H1d34

T3INNVHD HLHON 40 93IMIVHL
ONOTV 317140Hd ALINITVS 3DOVHIAY

AANLS ALL3r H1INOS NOILIONOD 1S3l

S$3TIN Y3AIY “TINNVHO HLHON 340 93IMIVHL ONOTVY 3ONVLISIO
(¢14 81 94 vl cl ol 8 9
I

0
ﬁ !
|

@

1dd "ALINITW'S

o
-

(€8) GVHIY == m—

(29) d3QvyH3IQ ——— = ——
(18) Q3ZIHOHLNY —— e e— —
(0V) ISV e

aN3 o3

_ _

9l

[¢14

S49 000'0p! IDHYHISIA HILYMHST o
ldd 0°€E  (LIVS IVLOL) ALINITYS NV
14 G6'8 {L!d) 90F NOILVLS LV 3IONVY 3Ci.

RN : . . o . . L d L '
. A he o P I . PN SN RSP R I 3 'O P L R Y FRPE NI YN SN N

PLATE 46

Lad e -

ad e




-A134 581  COLUMBIA RIVER ESTUHRV HYBRID MODEL STUDIES REPORT 2
ENTRANCE CHANNEL TE U) ARMY ENGINEER WATERWAYS

EXPERIMENT STATION VICKSBURG M5 HYDRA.
UNCLASSIFIED W H MCANALLY ET AL. SEP 83 WES/TR/HL/83-16 F/G 13/2 NL




o il © ©
ol o] oy —
mlml

EEEE]

m—m—wwwmuum

14

|

125

—
——

MICROCOPY RESOLUTION TEST CHART

NATIONAL BUREAU OF STANDARDS-1363-A

PR

S

Ly




At

.'.\"‘-‘.'l'-".
A

1

AL Y

PR

%

a l..l’
R Y

-

N LS LR ENE AL A W

. SURFACE
12 %k
\
[
\ ‘\\\_:\\\
" T NS
%¢ ) 10 2 14 18 18 20
24 MIDDEPTH
20 L U S
~
e \\¥ b
N\
A\S
12 N
\\\\
v W\
£ o X
> )
£ \
a2 4 N
&
O¢ ) 10 12 14 16 18 20
28 BOTTOM

SEEAN

\

\

o
L] 8

10

12 14

1] K] 20

DISTANCE ALONG THA! WEG OF NORTH CHANNEL, RIVER MILES

TEST CONDITIONS

TIDE RANGE AT STATION 408{PIT) 895FT
OCEAN SALINITY (TOTAL SALT) 330 PPT
FRESHWATER DISCHARGE 140,000 CFS

LEGEND
BASE (A0)
...... AUTHMORIZED (B1)

— = DEGRADED (B2
——a— REHAD.(B3)

AVERAGE SALINITY PROFILES ALONG

SOUTH JETTY STUDY

THALWEG OF NORTH CHANNEL

PLATE 47




SURFACE
a2 T T ~— 32 T T
MAXiMUM MINIMUM
28 28
2d
24 24
P 1
20 20
I \ \
w} N 1]
\ L
12 \ 12
L \\ -
[ N 8
\
P 4
r b
%¢ 50 12 4 16 s 20 O¢ 8 10 12 14 16 18 20
MIDDEPTH
32 - 32 - —
=R 2e+
28 <
NN 1
24 24
[ R [ ]
\
20 20
]
8 [[]
- 12 12
e | ] ]
E. 8 [y
z 1
-
S a P
% e 0 iz e e w2 O ) 10 12 14 16 18 20
BOTTOM
32— 32
~
20 28
\ N
N
24 N 24
20 L 20
N
T T
12 12
\\
s [
4 \ a
\\\ \ p
% o 1z 14 16 8 20 %6 s 10 1z a4 s s 2
DISTANCE ALONG THALWEG OF NORTH CHANNEL, RIVER MILES
TEST_CONDITIONS
TIDE RANGE AT STA 406 (PIT) a9 FY
SRR e st
" SOUTH JETTY STUDY
D %?ﬁééﬂm(.) MAXIMUM AND MINIMUM
=== DtcRAcED 82) SALINITY PROFILE ALONG
THALWEG OF NORTH CHANNEL
DEPTH: SURFACE; MIDDEPTH; BOTTOM

PLATE 48




i A 8

t i

b B SR v

b e g e

NOL 108 GNV ‘Hid3aaw
‘3DV4HNS 4O 3DOVHIAY :H1d3d

A3NNVHD NOILVOIAVN 34O 3NN ¥31N3D
ONOTV 371308d ALINITVS IOVHIAY

(M3INNVHD Li-8¥)
AGNLS 8 ALL3r

»2 22 o2 1] 1] 1 4}

2t

ot

AHOIIH L4 01~ (14) NV

4HOI3IH 7N (04) NYId
(Ov) 3sva
dN3I9IT

$42 0000w
idd 0'€€

SN H3AIY TINNVYHI NOILYDIAVN 40 INIT H3ILNID ONOTY IDNVISIQ

9 4 L4

FOUVHISIA HILYMHS IE4

(LvS TV10L) ALINITVS NVY3ID0
1466°9 (i1d) 90¥ NOILVLS 1V IDNVY 3011

SNOILIONOD 1S31

[

e~

il

-

[

A

o

Ldd "ALINITYS

PLATE 49




.‘ - - - - - - - - -~ - - - - - - LR N ~ "= e b b . ¢ s, - b4 ~ S . M * -
o
K
T~
3 52 _SURFACE
- 28
d
te 24
28 N 1
- \ ~ - ]
N
e 6
AN
2 =
" . AN
* *
= 4 s
< ™0 " T4 e e 0 iz 4 6 s 20 22 a4
a 32— _ MIDDEPTI-!
- %
> = 20 N
) & T N
. £ 18 \ ]
0y z o
Y b \
‘- 12 N
v" S
> 4
4 \\\
P~
.\ 0 27 s 6 8 0 1z 14 16 18 20 22 24
- - BOTTOM
28 =
. . =;<:L>\\
] 24 Sy, -
b 20l \\'\\\‘
Y
O 1 N
ol T
e 'J
:' 8 \‘
. ) N
- Y I I N R O B I ]
< - 0o 2 4 s 8 10 2 14 16 18 20 22 24
DISTANCE ALONG CENTER LINE OF NAVIGATION CHANNEL, RIVER MILES
‘ JEST CONDITIONS
~" TIDE RANGE AT STA 408 PIT) 895 FT
" OICEANASALINITV (TOTAL SALT) 33.0 PPT JETTY B STUDY
: FRESHWATER DISCHARGE 140,000 CF$ (48.’:'1' CH ANNEL)
o~ LEGEND
-“ ——  BASE (AO) AVERAGE SALINITY PROFILE ALONG
EX B vl At CENTER LINE OF NAVIGATION CHANNEL
: . DEPTH: SURFACE: MIDDEPTH; BOTTOM
e PLATE 50
-.:'

il




- 3.~:‘

A.\ _
S A
. AL ]

et’a

-8 o
.
.

4

{ RAEWONTRTRT RN

AN -
A,

¥ ".. o

a ]l

A .

O
RAAARN

ff.v"r

1.

-4

%

22 . 'SURl-TACE
28 i
z \\\\ ] 1
24 iy o :
20
| \
18 \
! \\ ]
12 \!
L \\\ 4
s R
i h =N ]
4 S

)
L N )
g 20 VR
a \
-
T
2
it \
)
12 l
L \
\
8
L \,
4 N
T 2 4 ] 8 0 12 4 16 18 20 22 24
BOTTOM
32 —~——T . .
+ *\\\\\
28 SN
\‘_‘\w i
N
24 N
20 \
16
12
L \Y ]
8
I 1
4 %\
0. i s 1 A e i i i \__
-2 2 4 [ 8 10 12 14 16 18 20 22 24

TIDE RANGE AT STA 406 (PIT)
OCEAN SALINITY (TOTAL SALT)
FRESHWATER DISCHARGE
LEGEND
BASE (AO)
——-— PLAN( Q)
—— PLANGF 1)

0
DISTANCE ALONG CENTER LINE OF NAVIGATION CHANNEL , RIVER MILES
TEST CONDITIONS

895FT
33.0 PPT
140,000 CFS

JETTY B STUDY
(48-FT CHANNEL)

MAXIMUM SALINITY PROFILE ALONG
CENTER LINE OF NAVIGATION CHANNEL
DEPTH: SURFACE. MIDDEPTH: BOTTOM

-
‘.
-~
-
&

PLATE 51

BN KA A A A S A AR A TR A




" Dty
PO A N

28

SURFACE _

—_—

24

32—

2 4 ] 8 10 2 14 6 8 20

MIDDEPTH

28

24

SALINITY, PPT
>

28

\
24—\

20- \\\

NN

~ A v

\)

ol "
-2 0

2 4 L] 8 10 12 14 18 18 20

22 24

DISTANCE ALONG CENTER LINE OF NAVIGATION CHANNEL , RIVER MILES
TJEST CONDITIONS

TIDE RANGE AT STA 406 (PIT)
OCEAN SALINITY (TOTAL SALT)
FRESHWATER OISCHARGE

LEGEND
—— BASE (A0)
---=- PLAN (FO)
—— PLAN(F )

895 FT

330 PPT \JETTY B STUDY

140,000 CFS

(48-FT CHANNEL)

MINIMUM SALINITY PROFILE ALONG
CENTER LINE OF NAVIGATION CHANNEL
DEPTH: SURFACE. MIDDEPTH: BOTTOM

PLATE 52




P 2

.

M-t Jhan ¥

A

M An Ao v §

. e

B AICRSCEA Bd Bri R IS R e AACE

)4
-

-

S
e
4
. ..4
NO1108 NV m .
‘H1d3AAQIW 'FOVIENS S0 3DOVHIAY ‘HLd3A A 1
A3INNVHD HLIHON 30 D93IMIVHL $49 000'0pt 30UVHISIO HILYMHSIYA H -
ONOTVY 37130Hd ALINITVS IOVHIAVY 1dd 0EE  (LIVS TVLOL) ALINITVYS NV3ID0
14 $6'8 (11d) 90¥ NOILVIS 1V IDNVH 3QIL
ﬁJWZZ(IU .—-ulc,vw NOILIGNOD .S3L
AQNLS 8 ALL3rC
SITIW HIAIY "TINNVHD HLHON 40 D3IMIVHL ONOTV JONVLSIC
o 8L ol " zi oL 8 wo
J
v
8
(4
»
c
z
2
v
3
4
{1d) NV Id e on cnume
(04) NVVd v aw e 9
AL T ——
REBER] ”ﬂ
A
oz ,




SURFACE

N

6 8 10 t2 14 8 8 20

24 MIDDEPTH

20

A/
Vs

SALINITY, PPT
b
’

28

24\

O
\\\\
M
20 (N

-~

k,ﬁ_
A

0 i =)
L] L) 10 12 4 1] ‘8 20
DISTANCE ALONG THALWEG OF NORTH CHANNEL. RIVER MILES

TEST CONDITIONS
TIOE RANGE AT STATION 408(P1T) 895 FT

OCEAN SALINITY (TOTAL SALT) 330 PPT JETTY B STUDY

FRESHWATER DISCHMARGE 140,000 CFS
vr Ty (48-FT CHANNEL)
iyl 4 2(:?,’ AVERAGE SALINITY PROFILES ALONG

THALWEG OF NORTH CHANNEL

PLATE 54




W .
I. N
L3
; 1
* .
™~ SURFACE p
4 3z T T 32 T T ]
s MA XIMUM MINIMUM 4
_' 26 e 28 i
. 7&\ !
- 24—\ 24
s / \\ -
. L/ \ ]
" 20 \ 20 D
- AR [ E
. s D T 4
. } \\w\ 4
N “
12 12 r
" \ 3 ’
& 8 ' 8
A \ 4 -
j 4 4=
: ] o *
. % & o 12 a4 i6 8 20 % & 6 1z 14 6 18 20
MIDDEPTH
- 32— . 32
! e 4 L J
‘ 28D 28
., N
"R ! ]

24

"'".':'A't +
¥
7
X
7
V'

) \

. \\ 1

. £ 2 \ 12

: t Nt

\ - 'Z_ 8 \ 8

I A\ PSS

, N <

: OG 8 10 * 12 4 18 18 20 OS 8 10 12 i4 16 8 20

o BOTTOM

. 32P\\\ S 32

p 28 n~ 28

NR J
~

] 24 SR 24

: \v-. 3‘ 1

! 20 3 20
)

. 1 \\ N

e 4 \ \\

\ N\
12 X 12 —
\ N
s 8 L\\ N

: ‘ NN

: \‘\* }\:\5

J % & 10 iz 14 16 18 20 % 8 w0 12 14 16 18 20

DISTANCE ALONG THALWEG OF NORTH CHANNEL, RIVER MILES

. TEST_CONDITIONS

¥ SCEan SN AOTAL San | 333%et JETTY B STUDY

L FRESHWATER DISCHARGE 140 C -

. LEGEND (48-FT CHANNEL)

.. -] MAXIMUM AND MINIMUM
- — — PLAN [P SALINITY PROFILE ALONG
o THALWEG OF NORTH CHANNEL
DEPTH: SURFACE . MIDDEPTH; BOTTOM
2 PLATE 55




-

.

y .

3

WO1108 GNV ‘Hid3AAIN 3QIM L3 000Z X TINNVHD L3-GG (ZD) NVId = == — .

s ‘32v4HNS 40 39VHIAVY HLd3a 13 BV OL 13 SS WOWH (1D) NV1d === =—

. aim x - ——— —

g I3NNVHD NOILYOIAVN 40 3NIT Y431N3D QUM L3 0vEE X TINNVHY Lamas (0 e

3 .
h 4-G66 $42 000‘0¥! 3OUVHISIG HILYMHSIHS 1
b AdNis T3INNVHD A;l_ 1 Ev 1 1dd 0'EE  (1IvS Tvi0L) ALINITIVS Nv3DO y
ﬁ.. 1466°8 (lid) 90% NOILVLIS Lv 3DNVH 30l

| SNOILIONOD 1S3{

. S3N Y3IAIE ‘ TINNVHD NOILYOIAVN 40 INIT ¥ILN3ID ONOTIV IONVLSIC

B ve 22 02 Q) 9l [dl 2l ol ] 9 v 2 ¢} 2-

.. == ¢}

S [

. v

4 *

b’ //I

rv. A\ /
h* } @
-.. I/I

. N

' //// "

. NS ER4

. RN 2
b //” z
-.. // ..nlh
y’ / v

v N, 9l v
3 -

y, /

-.. /I17

-. 4/ 02

5 ll]f

t. ~, 2

3

(M

r.. T4

p* “
4

p w
g -
P, <
2 =
3 o
p
L
n-.
v\.
4
1
v-_

-
]
i-
4

: \W..‘J..“. \ ..“...............H....._ B .. o m.....»..-.\...........x....-q.u.,. .....“...w...h.....,....,... . X . ‘.N. . ...S.....‘...ﬂ...m ....uw... W ) ......\ .. ...........\., , ...\.. hw .\. ..\... .... . ... ....”...“...“.:H ..“ .o .\.. “,.. ...“.u..x. .




— Ly A A & w A g et TR - g e B T T ——— e
M AT AT SRS e e it T A G AN AR S S T = SRS AL AR

et Sk Y
JNE WP WP

R *
[0 N N B B

SURFACE :

a2 -+ +~—

28

| i

/d

@
\\ /

MIDDEPTH

32 ——

o 28

/

24

SALINITY, PPT
’

T
4
Al

n
o
| 4

K

@
T
ey
—

0 " i L N i N i 1 " P s

- [} 2 4 6 8 10 12 4 16 8 20 22 24
DISTANCE ALONG CENTER LINE OF NAVIGATION CHANNEL, RIVER MILES

4 TEST CONDITIONS
TIDE RANGE AT STA 406 (PIT) 895FT
OCEAN SALINITY (TOTAL SALT) 330PPT

S FRESHWATER DISCHARGE 140,000 CFS 55-FT (M LLW) CHANNEL STUDY

LEGEND
et :ég)) AVERAGE SALINITY PROFILE ALONG

— — PLAN (C1) CENTER LINE OF NAVIGATION CHANNEL
—-— PLAN (C2) DEPTH: SURFACE. MIDDEPTH; BOTTOM

PLATE 57

P N W ) Laloa e g g " a b




VTR W T YT - Rt JhU Basd T N g T S e LR i i o ase
4
<
]

. 32 . -~ v T ﬁSURFrACE -

- I ——ia .\

28 717
A \
/7
24 ANt
L/ - \

. F o/ \ \ N

20 b+ AN

- — \\

.. I \

s \

| \
i

4 = M

-2 Q0 2 4 6 8 10 12 4 16 18 20 22 24
MIDDEPTH
2 e T " N
A =¥ ]
28 N AN R
- N
24

SALINITY, PPT
- n
-3 <
.
%
//
955

8 — Y
L N ﬁ
a NS
t N
L ‘ :Q.
T 2 a s 8 10 12 14 16 18 20 22 24
= BOTTOM
32 s T . . , .
1 S
28 Sde
b \\‘,.\\\ g
24 )
H \
20 .
o
I \ ]
\
16
W
W\
12 \
8 \
4
f e

- o} 2 4 6 8 10 t2 14 16 18 20 22 24
DISTANCE ALONG CENTER LINE OF NAVIGATION CHANNEL , RIVER MILES

TEST CONDITIONS

TIDE RANGE AT STA 406 (PIT)

OCEAN SALINITY (TOTAL SALT)

FRESHWATER DISCHARGE
LEGEND

BASE (AO)
----- PLAN €O
— —— PLAN (CI)
——-— PLAN (C2)

895FT
330PPT
140,000 CFS

55-FT (MLLW) CHANNEL STUDY

MAXIMUM SALINITY PROFILE ALONG
CENTER LINE OF NAVIGATION CHANNEL
DEPTH: SURFACE; MIDDEPTH: BOTTOM

PLATE 58

T Y S AP G W

L i A




A G B e S M S b e e e e e D e A T o P ey ._.1

32 - T - — VSU RF.ACE T

28

24

20

-2 o] 2 4 6 8 10 12 14 1] 18 20 22 24

22— ' ) MIDDEPTH

28

24

20

SALINITY, PPT
@
¥

,zr N \
N\

-2 o] 2 4 8 10 12 4 16 1:] 20 22 24
DISTANCE ALONG CENTER LINE OF NAVIGATION CHANNEL, RIVER MILES
TEST CONDITIONS
TIDE RANGE AT STA 406 PIT) BS5FT
QCEAN SALINITY (TOTAL SALT) 330 PPT

Ef"‘: FRESHWATER DISCHARGE 140000 cFs 55-FT (MLLW) CHANNEL STUDY

. BASE (A0) MINIMUM SALINITY PROFILE ALONG
. T RANED CENTER LINE OF NAVIGATION CHANNEL
—-— PLANCD) DEPTH: SURFACE. MIDDEPTH:. BOTTOM

PLATE 59

PR G- G S N AR S Y T P




WOL1108 aNV B
'H1d300IN 'IDV4HNS 40 IDVHIAY ‘H1d3A

TINNVYHD HLIHON 30 DIMIVHL $49 000°0¥1 IOHVHISIO H3ILYMHSINI ..A
ONOTVY 37140Hd ALINITVS IOVHIAVY ldd 0EE  (LIVS IVLOL) ALINITVS NV3ID0 \
1d S6'8 (L1d) 90F NOILVLS LV 3DNVH 3QIL KRR
AGNLS I3NNVHD NOTLIGNOD 1S31 1
(MIIA) L3-S .
S3TIW YIAIH “TINNVHD HLHON 40 DIMIVHL DNOIV IONVISIO B
0z 8L gt vl 41 o4 8 9 o
° ]
177 ..\A
N ...‘
+ v x
i e
/ _ \,A.A
N\ w :
A
N
AN .
TN |
/ 2
N 3
N\ D -
N 3 .
z
N
! w///
. {Z0) NV1d == o= e o1
g {19) NVd = = e N
3 (00) NV1d == = == N R
§ (ov) 3sva N
, M— N
w.. o.ﬂmom: NS m
-
. 0z <
: ]
X a

o

L atat

QT -

. - P )
] e
...-\. Tl
[ L B Y 4
v .

v
- v




LA ACAACE R ACH A A s g Al A YA SChgoRe A A2 A% A~ NS s i A e At ot it it Bt SN R S
o
SURFACE
18
I~ /‘\
12 ?As S
»: \
-“ AN
.. 8 <
."‘ 3
L .
\\
.‘" % [ 10 2 14 18 8 20
» 2 MIDDEPTH
7 20 .
od X ]
.,'_. \\ \
N e \W\\ 4 »ﬁ
N
. 12 \\
; N
N
. : \Y
- 2 s \
I z \R
- 5 N
L 34
T a \
- >
OB a 1] t2 14 1] (1.} 20
."; 28 BOTTOM
- N~
~" 24 [
-_' \\
20 —
\\
.-' N‘\ \\
..‘ \\\\‘
< * RN
: N
~ \\
:._ 12 \ AN
[ ‘ \
— \
» . —
N
.. N
° 1 1 ==
> [} [ 10 12 14 e '8 20
- DISTANCE ALONG THALWEG OF NORTH CHANNEL. RIVER MILES
- TEST CONDITIONS
.. TIDE RANGE AT STATION 406(PIT) 895FT
N OCEAN S, NITY (TOT. ) -
‘1' FﬂESANWA:lE'ﬁ :)ISCHSR(:EL SALLO?OJO% :.:; 55 FT (ML‘LW)
: cene | CHANNEL STUDY
e oo oAk ol AVERAGE SALINITY PROFILES ALONG
" —-— PLAN (C2) THALWEG OF NORTH CHANNEL
s PLATE 61
-
4

VI I TN YA

o~




-‘ - - Al - -‘A‘j.‘ ‘.",' - ‘_""-‘ ‘..

e Lo

; SURFACE
. 32 - T . 32 ——
A MAXIMUM r MINIMUM
28 /:‘ \‘ 28
22\ { ; {
24 \- \\ 24 -
o
20 20 .
| \‘\ b .
) 9
1] X1 .
. 4 -
12 X 12 + .
[ X :
. A\ . ! ‘ 5
3 \ .
4 ~ 4 i R
o [ D&E&:ln } -j
6 8 0 12 14 16 18 20 €6 8 10 12 4 16 18 20 :
MIDDEPTH M
32— — 32 - i B
- e t -
28] —1 % 28 - ;f -
- ;
I \ s 1
24 \F\ zar :
20 \\ 20 :

N
—_
[

N

SALINITY, PPT

[} 8 10 12 t4 1] 1.] 20 [ 8 I ) 16 i8 20
BOTTOM
&sﬁ 32 ]
28 > 28
24 e 24
F ‘\
20 \‘ 20
e \ 16
\. N,
12 \ 12 \ \ T
\ \R\ R i
. . - e x‘\ :
: N l
- ‘ ‘\ ‘ \
: \ \\.\\\\ )
ol . R N — A N

¢ ] to 12 14 8 '8 20 OG 8 10 2 4 8 8 20
DISTANCE ALONG THALWEG OF NORTH CHANNEL. RIVER MILES

JEST CONDITIONS

TIOE RANGE AT STA 406 (PIT) 895FT
OCEAN SALINITY (TOTAL SALT) 330PPT
2 FRESHWATER OISCHARGE 140,000 CFS

LEGEND 55-FT (MLLW) CHANNEL STUDY

=== PLAN (CO) MAXIMUM AND MINIMUM
o<y - SALINITY PROFILE ALONG
THALWEG OF NORTH CHANNEL
DEPTH: SURFACE ,MIDDEPTH ; BOTTOM

PLATE 62




PERAY AT WA Sy

PLATE 63

WNOL108 aNV ‘H1d3QaIN (29) Wg — - - —
‘30V4UNS 40 IDVHIAY ‘H1d3Q (19) NWvld — - —
TINNVHD NOILVOIAVN 40 3NIT 831N3D o s T
ONOTIV 371308d ALINITIVS IOVHIAVY FTEGER]
- $42 000°0¥! IDYVHOISIO I LYMHS I 4
AJMZZ(IU 14 ﬂnv 1dd O'EE  (1IvS VLI0L) ALINITVYS Nv3IDO0
AQNLS 8 ALL3r 1466°8 (Lid) 90F NOILVLS LV I9NVH 3011
SNOILIGNOD 1531
S3TIN ¥3AIY TINNVHD NOILYDIAVN 40 3N HILN3ID ONOTIV 3IINVISIA
ve 2z oz 8! 9l vl 21 ol 8 ? v 2 o >
A‘f/,
®
: 2§
. z
4 3
‘.. Id
s 9 3
v o2
. v
! N
3

82




e Nl el e S NN A At Al ok gl 2"l oM o D oty | '.'_ bl .‘_ '_ PRI ". T ‘_\‘ . . - . LT A'~'1_', S W L

= S SURFACE —
5 r 1
28
24
20

. ]
12 —
3

L S ]

s A
N

r b

4

2 0 2 4 6 8 10 12 14 16 8 20 22 za
MIDDEPTH

24 \~ -

20 R

SALINITY, PPT
A
/

O
H

32\ -+ T T T

28 =&

24 -

20 Pss

LA

ARV

\

. AN

0 i . A n i i N " .

0 2 4 [ 8 10 12 4 8 8 20 22 24
DISTANCE ALONG CENTER LINE OF NAVIGATION CHANNEL , RIVER MILES

- TEST CONDITIONS
Tt TIDE RANGE AT STA 408 (PIT) 895FT

OCEAN SALINITY (TOTAL SALT) 330 PPT JETTY B STUDY

«:-_-: FRESHWATER DISCHARGE 140,000 CFS (55-FT CHANNEL)

- == e S AVERAGE SALINITY PROFILE ALONG

' T ARl CENTER LINE OF NAVIGATION CHANNEL
DEPTH: SURFACE: MIDDEPTH: BOTTOM

- PLATE 64




e . b o Jhali> - oSN W
NS REY PG it aS T T ST T N L T T e L R TR TS T T SRR T AT AR RSN B ST T
o
-‘.I
A
> .
R
‘-
o
C -
.-
- o
-t SURFACE
", 32 v v v - T
- 28
( > ;

N
« 24 *& - N
. N \ |
Y \
20/ Y
o \\ \
° ] Y '\
. Y
2 \
o,
. \\ 1
i 8
EN - S |
‘.." 4 —
'-E. L SN d
e 2o Tz T4 e e 6 iz 4 e s 20 22 24
_ 22 ______ ___MIDDEPTH
e o =
Ao 28 t \\\
. L ~
:_\--: 24 ¥
L. H \ N
o 20 k \

.
SALINITY, PPT
>
-

. -2 o 2 4 6 8 0 12 14 6 8 20 22 24
)
- BOT TOM

32 T v —
) o \.‘\

28 =
C =\
‘.. 24
. ! \
:..’ 20 \‘
.._:.. ! \

J N

T e 0 T W e e 0 iz 4 e 8 20 22 24
?A _ DISTANCE ALONG CENTER LINE OF NAVIGATION CHANNEL, RIVER MILES

P TIDE RANGE xErs:rf %‘o g';c;ns 895 FT
25 OCEAN SALINITY (TOTAL SALT) 330 PPT JETTY B STUDY

.. " FRESHWATER DISCHARGE 140,000 CFS

-5 LEGEND (55-FT CHANNEL)

S igped MAXIMUM SALINITY PROFILE ALONG

: S :::g') CENTER LINE OF NAVIGATION CHANNEL

2 DEPTH: SURFACE; MIDDEPTH: BOTTOM
AN

3

PLATE 65




P
o &
«a
« 3
o'aVa

o)

A

£

.
freeley

SN

s <"

L
e
2Pt
P

a2

SURFACE _

28—

24

N\J&

2 ] 4 - ] 0 12 14 86 8 20 22 24

32

MIDDEPTH

28

24

-
4

SALINITY, PPT
>

a2

A

24

20

XIS

\
\

" I n i I

TIDE RANGE AT STA 406 (PIT)

OCEAN SALINITY (TOTAL SALT)

FRESHWATER DISCHARGE

Q 2 4 8 8 10 12 (4 8 8 20 22
DISTANCE ALONG CENTER LINE OF NAVIGATION CHANNEL , RIVER MILES
TEST CONDITIONS

24

COLUMBIA RIVER MODEL
895 FT

330 PPT JETTY B STUDY

Leegnp o0 (55-FT CHANNEL)
_____ BASE (PLAN CO) MINIMUM SALINITY PROFILE ALONG
—_ :uu((g-z)) CENTER LINE OF NAVIGATION CHANNEL
— -~ PLAN

DEPTH: SURFACE; MIDDEPTH; BOTTOM

S
PLATE 66




- -

LTeT e W

WNO01108 ANV

‘H1d3ICGAIN '3DVIUNS 30 3OVHIAVY ‘H1d3A

T3INNVHO HLHON 40 9IMIVHL
ONOTV 31140Hd ALINITVS 3OVHIAV

(M3NNVHD 14-S6)
AQNL1S 8 ALll3r

0z

$371W UIAIL “TANNVHO HLHON 30 DIMIVHL ONOTV 3ONVISI]
8t 91 "t zZL o1

§42 000'0¥! JOHVHISIO HILVYMHSIYA
1dd 0°EE (LT1VS Tvi0L) ALINITIVS NVIDO
14 S6'8 (Lid) 90 NOILVLS LV IONVY 30LL

NOILIONOD 1S34

Ldd ‘ALINIVS

(D) NV d e =n

143

(1D) NV1d wvn o= c—
(09) NVd === o o cmm
(00 NV1d) 3SVE

aN3931

| I

9

PLATE 67




-.'.vv;r""- -"(' ."""\ - RN At
" SURFACE
2 L“"“\
V(‘\ N
\\\
L] \\\\
.
. N
)
TNQL
] , |
) [ [] 10 12 4 18 18 20
. 2 MIDDEPTH
N
20 <
~
N
O
%
Sy
AN
8 AN
"\
\3
\\
12
\\\
- NS
S e NN —]
. e\
c A
g ‘\\
3 A\
2]
[+
[ ] 8 0 12 4 1e (1 20
28 BOTTOM
I
24
20
(13

N
: j |
: o HA NN

) L] 0 2 ie 8 8 20
CISTANCE ALONG THALWEG OF NORTH CHANNEL. RIVER MILES

- JEST CONDITIONS
TIDE RANGE AT STATION 406(PIT) 89S FT

OCEAN SALINITY TOTAL SALT) 330 peT JETTY B STUDY
" N anco) (55-FT CHANNEL)

- PLAN {GO)

PLAN (G1) AVERAGE SALINITY PROFILES ALONG
—— PLANGD THALWEG OF NORTH CHANNEL

% PLATE 68

= = VBT LI DL W S




T N N RN RN YN R TS _--7.'\_.".';_ B N N P A R Sl RN A e it - . "'-:B'A [2aie-Ron St 4 et i omn - e 4
4
4
. SURFACE 4
32 T T 32 T L
i
MA XIMUM P MINIMUM ; _i
26 28 . + ,
| R 4
3 24 24 l ' ' I Z
8 M 1 T e
- - b | -
20 20 4 — -
I i . -
. s ;
12 12! .
[ 1 | 1
8 8 k
4 N,
| \

32
!
28 R 28
D,
S
24 \‘\ 24
L 4
20 \‘ - 20
\
I \ I3
L \
\ {
T 12
a
s 1
£ e o
z .
3 1 N
& a 4\:\\
i A\
] — [ H
] 8 10 12 14 8 8 20 6 8 0 t2 4 16 '8 20
BOTTOM
32 32
==
28 2:;L
i A\
24 NN 24
N\
20 20
16

TJEST CONDITIONS

) TIDE RANGE AT STA 4086 (PIT) 895FT
~ OCEAN SALINITY (TOTAL SALT) 330 PPY
- FRESHWATER DISCHARGE 140,000 CFS
- LEGEND
~ m—————  BASE {PLAN CO)
-1 emeees PLAN(GO)
- _—— PLAN (G1)

——-— PLANI(G2)

\e
- ’I\f ~
Y\ I \\\‘
[ N 8 N
\ N
\ \J
a A a
A
N
° . A o o A i — re —
e 8 10 12 14 16 18 20 6 8 110 12 14 16 18 20

DISTANCE ALONG THALWEG OF NORTH CHANNEL. RIVER MILES

JETTY B STUDY
(55-FT CHANNEL)

MAXIMUM AND MINIMUM
SALINITY PROFILE ALONG
THALWEG OF NORTH CHANNEL

DEPTH SURFACE: MIDDEPTH. BOTTOM

PLATE 69




WOL108 ANV ‘H1d3QaIN
‘30V3UNS 40 IDVY3AV :HLd3Q
T3INNVHO NOILVOIAVN

40 3NIT H31N3O ONOTV 31140Hd
ALINITVS JOVHIAV NO 0OI ANV
‘tH ‘OH SNV1d 40 S103443

SN YA ‘TINNVHD NOLLVDIAYN 40 INIT ¥ILN3D ONOIVY IONVISIO

o1
IH
OH NV ———m—mmm
ov

aN39237
$49 000°0O¥I JOUVHISIO ¥ILYMHS3H4
1dd 0'EE  (L1VS 1IWLOL) ALINITWS NV3IDO
1466°8 (lid) 90¥ NOILVLIS 1V IONVH 3011
SNOILIONOD 1S31

ve 22 oz e 9l vI 21 ] ) 9 v 2 (4 2
III'
N
AN v
Il II
N /
A
Ol //
MY [}
X
\ N
\ -

b3 / / 4
VI:LIW ~ LA
Il‘r m
5
=<
°
¢ 3

o2

- v2

N
\J
~
AN

PLATE 70




P

CIRnin 2aat Sa Mt -t
. . L
. - v

L W e W,

i 20/ —Hvin i St S £

32

SURFACE

28

24

AL T
121

5\\\ 1

AN

i o —_

32

8

o 12 e e & =20 22 24
MIDDEPTH

7] "
]

|

4

28

24 b

SALINITY, PPT
o

32z —

28

20

24 Q <

-2 o 2 4 L]

DISTANCE ALONG CENTER LINE OF NAVIGATION CHANNEL, RIVER MILES

YEST CONDITIONS

TIDE RANGE AT STA 408 (PIT) 895FT
OCEAN SALINITY (TOTAL SALT) 330 PPT
FRESHWATER DISCHARGE 140,000 CFS
LEGEND
BASE AO

meme—= PLAN HO
—-— PmLAN M1
—--— PLAN IO

10 2 4 16 8 20 22 24

EFFECTS OF PLANS HO, H1,
AND 10 ON AVERAGE SALINITY
PROFILE ALONG CENTER LINE

OF NAVIGATION CHANNEL

DEPTH: SURFACE. MIDDEPTH; BOTTOM

PLATE 71

A A aneh Jund ek e Sadt Mg gt

Ty WY

B S D




T

32

SURFACE

28

24

.
\
=

20

W
A

Prags L L

32

28

24

20

SALINITY, PPT
>

)

o]

e

o
~XL

-2

o

2 4 6

10 2 14 16 8 20 22 24

DISTANCE ALONG CENTER LINE OF NAVIGATION CHANNEL, RIVER MILES
TEST CONDITIONS

TIDE RANGE AT STA 408 (PIT)

LEGEND
BASE
m———ees- PLAN
—-— ALAN
—--— PLAN

OCEAN SALINITY (TOTAL SALT)
FRESHWATER DISCHARGE

A0
HO
)

10

895F7
330 PPT
140,000 CFS

EFFECTS OF PLANS HO, H1,
AND I0 ON MAXIMUM SALINITY
PROFILE ALONG CENTER LINE

OF NAVIGATION CHANNEL

DEPTH: SURFACE; MIDDEPTH; BOTTOM

PLATE 72

P G,



RSN

) aud g s

2

SURFACE

28

24

20

32 - —

28

2ah\
w

\3

\

20 N\

SALINITY, PPT
®

~—
[

'l
7*

T

o]

Sl

-2 [+ 4
DISTANCE ALONG C
TEST CONDITIONS

TIDE RANGE AT STA 406 (PIT) 895F7

OCEAN SALINITY (TOTAL SALT) Jao PPt

FRESHWATER DISCMARGE 140,000 CFS
LEGEND

6 10 12 14 16 8 20 22 24
ENTER LINE OF NAVIGATION CHANNEL , RIVER MILES

EFFECTS OF PLANS HO, H1,
AND 10 ON MINIMUM SALINITY
PROFILE ALONG CENTER LINE

OF NAVIGATION CHANNEL

DEPTH: SURFACE; MIDDEPTH; BOTTOM

PLA

PO D W PO T TP DY

TE 73

Dala s




WO0L1108 ANV ‘H1d3AaIW '30V44NS 40 IDVHIAV ‘Hid3d

T3INNVHO HLIHON 40 D93aMIvHL §40 000'0pL
ONOITV 37140Hd ALINITVS IFOVHIAY 1dd 0'€E

Bl 2t il A e e

SITIN H3AIH “TINNVHO HLHON 30 93MTVHL ONOTVY 3ONVLSIQ
81 9l i [4} 0l

&

3OHVYHOSIO HILVYMHSIHI
(L7VS Ivi0l) ALINITVS NV3IOO

NO O ONV .PI .OI SNVY1d 40 S103443 14 S6'8 (Lid) 90¥ NOILVLS 1Y JONVH 3QiL

NOILIGNOD 1831

-.A. o
9
-
_1..
. v
- /
r.
'-
-\-
i\s , m o
R N, N z
b S
4 =<
3 3
y zL -
T.
g
1-
a
3 R Al T —
g L (LH) NV 9
- (0v) 3sva /
g NERER yz:
-,
1 | ™,

PR MY L L N o oe e LAt o et LS I R o - e -

A

v .L.b..L-H RS

PLATE 74




e Y. W W W W S Al et o -asiii Snad a SRR el 4 v W T e s e g T B e R T ST T T e T e ey
A AR . A . c LI -0 P v - e -

e Lt

. SURFACE
° ( \—_—
3 a8 10 2 4 1] 8 20
24 MIDDEPTH
z
X (1.} 20
4
00 8 10 12 (X} 16 8 20
DISTANCE ALONG THALWEG OF NORTH CHANNEL. RIVER MILES
9 TEST CONDITIONS
~ TIOE RANGE AT STATION 408(PIT)895FT EFFECTS OF PLANS HO, H1 N
; PAESweTER DiscHARCE ©C1A01000 ¢FY AND I0 ON AVERAGE SALINITY
. LEGEND PROFILES ALONG THALWEG OF
3 T st o NORTH CHANNEL
—-— nan DEPTH: SURFACE; MIDDEPTH; BOTTOM
— = — PLAN

PLATE 75




aWe¥atat

3

DN

L ok’ el met odk 2ot IGECEVEL Jecl. s
RN AOLINC R N N

SURFACE
32 T T 32 T T T
MAXIMUM MINIMUM !
28 AN 28
AN | ]
24 ?’T/\ AN 24 ]
AR S
I N o
~
n 4
X,
6 L 16 4
)
12 “J‘ 12
3 \‘ ﬁ
e “‘\\ e —t—
4 \\‘\ 4
% ® 10 9z 4 16 s 20 s [) 6 iz 1a 16 I8 20

MIDDEPTH
- 32

TEST CONDITIONS

LEGEND

BASE AO

....... — PLAN HO
—_-—-FLA~ HI
e PLAN 10

TIDE RANGE AT STA 406 (PIT) 895FT
OCEAN SALINITY (TOTAL SALT) 330 PPT
FRESHWATER DISCHARGE 140,000 CFS

32 ——
3 RN
23R'EF4:v 28
r \ r
24 ‘\ 24
S
| ™~ N
20 \ 20
\ 4
5 ! 16
L \\‘ 1 J
. 12 % 12
a
<t R‘ 1 1
r e 8
z \\. . ]
5 4 A\ 4&&
1 N
° ] o =
6 8 10 12 14 18 18 20 6 8 10 12 14 16 8 20
BOTTOM
32— — 32
=y ]
=
za‘ < \\\ 28
24 \; 24
] N
\
20 W\ 20
16 \\ |6\\
12 2P \L\
; \‘\ ‘\\
8 \ s RN
9 \ .
) \ SN
™. SNl ]
% & 0oz 4 e s 20 % T8 w6 1z 1a 16 18 20

DISTANCE ALONG THALWEG OF NORTH CHANNEL, RIVER MILES

EFFECTS OF PLANS HO, H1,
AND 10 ON MAXIMUM AND MINIMUM
SALINITY PROFILE ALONG
THALWEG OF NORTH CHANNEL

OEPTH: SURFACE; MIDDEPTH; BOTTOM

PLATE 76

Anans

a2t

Vo



oW 1
Qv > p
oW g
Sy g
DL
wddZa 2
00 ‘i<
1 T T T l T z> L g
ouvz8
FZoz2 1
o DOXr2 ]
- ~ mpa oY% < )
oW 2N g )
3= ]
»wbo 3
- =35 ©
056
06Z
L ovs (MMM o
o8tL1
— ]
oziL |©
w
3
009 e
— 095 °
0z >
@
[alyalyal
L > > > 0
]
333 7
288 e
8 S 06 M TITEORNOOGN
L 888 ovo [T <
non -
< ¢ <
1] 1] ]
- 09t
239 oLv
L. 222 06t w
< S 4 A
pu | -
a a o
9 (]}
08B 0s
[vV4 | E=]
B o
| 1 ] | 1l |
8 8 o [=]
g g g & 2 g g
QA ND 0001l ‘IWNTOA SNIDQ3HA

;:f PLATE 77




o T ey Rdhare s St B Saa aen Lin aus AL 0 L g

ha s m A & & 2"

]
3 5
b OV NVvd A
_. NH3LlVd ONITVOHS B 300w HNOJS HO IONVHO ON () 4
EoH'o 3dA10108d T 40 A,
O L
14 0008 0 H3IAO GNV 1714 14 | BT ]
S31voS anN3oa b
g
“ 1
v L
)
n
(9}
0
»
A
3
-N-
. ®
g w
i -
2 3
X S smumd Q.

~




S

Ta———

Y Sy

LA e S

LV NVd
NH3L11Vd ONITVOHS

¢;'ANVS. |, .

DAL I X
0%, ¢ o' 0 8¢ 0

1) 3dvD , *

Ry

S5

A\ LNIWLNI

B I 300w

149 0
Sl 34A1010Hd
14 000€ 0
S371vOS

0Oddv

* Al

HNOJS HO 3I9NVHO ON [

T L4 10 )
HIAO ONV 1114 14 | B

aN3937

21412Vd

u4
b'yoo

PLATE 79

.Y

il

LI W SRS




e fae BB aR anamaa im0y o

IV NVd
NH3LlVd ONITVOHS

11dS d0OS

(=)
(«)
()

000

0000
0. 0.0 0.0
0000
0.0.0.0.0
0000
0.0.0.0 0
0°°°°°O°
()

O

()

Q
0000000
0002020,
%020,
20020
020,

1v10

R 300W HNOJS HO 3IONVHD ON [

149 0

Mid13 -0 O

Looo— MR 34AL0L0M4 o yanoaNv U4 141 ED
§31v0S "YECER

N IN3

0.0,0-0.0.0 mg—

000,000, Ox. 0 c
0200 0, \ ‘0200 8800
o oo o8 000 . 00000.0-0- 0 0¢
N Oe0505000500 000300000, 0000000 0a0a0a000 0005
<IN 020020 000 e 00 0, - 0000000000000 00 0e el
2 020200000 02050600, 00000 e000r 0000000 0 e oo,
. 00000600, 0000000, 0L 0L 0L 00,000 0 0 0C
. + 22000 00 00000500, 00 Or 0L 0L 000 0 B0 0000 S,
'2r0%0 000000000 o000 0 00 0 0 0CC
0 e 00000000000,
WiNIOddVSIaH : 000 0a 00 0S000000 000 0y
3dVvD | *° w.. . I00JV3Ad ¢ 00500000000 000c0,
HNATOR et T e 6 00000°0.0.0.0 0 0 0

21410Vd

v
b'yoo

PLATE 80

v AN

A b Se Bosdim B

e

b S P S




W
n
ouwZ
sSEacy
Dk
wd<a
oo Wuw
>axQ
LI 1 T T T | £ W
ouU =3
= Z Z0
20 X~
oss 3
- w 0O o
0s91L rrre,rOST
n i
w%z%%%%%%%%%ww
- o IaOsOs,s,OO,OOSOOrye
ozt ¢ LULINTHTISITHUTHITTITT o
w
-
2
. ©r
w
>
s
L §ggop@ 3
3333 os1L
060
8g8 o .
- =] 4
2828 5
<T 0D
] ] ] ]
s8R .
L 2222 @
3593 '
a a a o
mS8aqa

-20

3500

3000 1~

A
:

1500 =~

1000 -

500 =
0

:

aA N2 0001 "IWNTOA ONIDA3HA

PLANS A0, B1, B2, AND B3

PRI P P

PLATE 81

PSS I P B ST

a®

R




-

T

19 NVId

NH3LLVd ONITVOHS

Bl 13a0w
149 0
Bl 34A10104d
14 000¢ 0
S31vIS

H4NOJS HO 3IONVHO ON ]

31310
B3IAO ONY V113 14 1 B3

aN3oI

OIS
11dS 4OS1Vv1D SONAAS A M
o QR
a/ ﬁmowo 0.0 0% w
(+) (+)
AN SEesonts
° 000 Mo CoCe?
OO ~ 0,0, OOM (O
o M o G < X
O,
% \
_ 7 - - 0.0.9
: € 0.0 :
() P00 - @
)
wo : o) 5 R - N
o EXHFOEL. N
.u..... e 0ec002:002 6
o Vu........a........ RN 5 Wm b
<) O‘l .... . . . ... .-.. . . - ....‘1 oo .MMM.
s . .m_m_num_ 7 ALNIWLNIOMdVS| QS2ie5057P .
0% 4 . /W’&kw..ﬂ.op.b AN ..” A ¥Qoowo<ml- .u.-. A Ogield

21410Vvd

N
b's,ao

PLATE 82




taites ese Bt Sae g

PO MR- a ey

LA

Ll A B Mt YA Y

28 Nvd
NY3LLVYd ONITVOHS t] 1300W HNOOS HO 3IONVHO ON (]
@I 34A1010Hd e 3
14 000t 0 HIAO ANV 14 L4 L
S371vJS aN3I937
O, 0°0-0.0.0 om
% o
0.0
>
0n
c 2
©, (=X ]
(4 ~—
o\m% o
| 000
O OOOOO.
(o) ODO x e
L)
oS 2]
MEX .73
>
00603
0. 0.0 * o 00000000“
R : oo M-
uauowooo° ., X 000R00; X
X ., e 020020, v . ooMawo o
9 u ALN3IWLINIOddVSIQS RS w.+LIdS - - % 5200
00 \ K3dvo .Y M00V3d : J/afiss

PLATE 83

ad el .-

P




ﬂl\_1~1ui< i P i Dbl LACIRC A A & g g — 1‘4‘1 " .

T
LI U S

€8 NVd .

[ NH3IL1vd ONITVOHS E] 1300w 4N0J2S HO 3IONVHO ON () ,4

T4 14 10 ) 1

A @l R 34A10108d .

. 14 000f 0 H3IA0 ONV 1714 14 L L
S37v3S

«[NERER ]

—a

L0000
b 7 :ou.\oooonn LY .Z.”OMOOOO 4
B
: - Lo A
L 11dS 40S s - N
S ‘ 0 0000 & > 4
L Oﬂucocccﬂcn "
L o o © 1
(+) -~
(2)
(2 )]
. N QR 2
) (o)
(e}
i N N
4
-
3 o
5 13000050500,
) (+) ”
A o ©; =~ e
- ) Q 00, ;) - Mo
9 0.0, X
Hn ¥ e 0000000000000 X
Ve leye T ) SO IICHOMCOION - 2
0.0 . 0-0°0,0.0.0.0-0-0°00.0 .
..< M) 0.0 ooowooooo o B
' ooowowowowooo
£ 0002020%
. 000002022
x R . * W, 00 000,0-0:0,
3 , \LNIWLINIOddVSIa¥ 8%
vt 3dvo LS : X000V 3d : JAFs

0% o 0t 0, IO

Po° 08 0400 O,

PLATE 84




L a4

t4 GNVY 04 'OV SNV1d
H1d3QH3A0 14-Z
JONVHINI H3AIY VIBWNT0D
S3IWNTOA ONIDA3HAa
73A0W 40 NOolLNgidlsIa

3TIW H3IAIH
0Z S ol S0 0 50 oLl gL- 0z
= 5
7= M
— \" © —-—
p \9 o
-]
E 3 S
-l T & i
Z N7 I
5 e Lk
8 | s 7 °
5 g
n © ok o =]
8
5
8
- -
QA N 000"AS'S - 14 NvId 0D
— QA ND 000 LUE'S - 04 NV B3 -
aA N 000°06E'Y - OV NV1d B3
1 1 | | 1 } 1 { |

0001

00S1

000z

00SZ

000¢

00S€

aA nNd 000L 'JWNTOA ONIDA3HQA

DR Al SRR R )

PLATE 85

FUMVE W IS I W YA G T U W




h X
1 L
-
o < :
:: m S } o°° 0, o
.. . m o°° coo
.. . _ . oooo
. . o oooo
: ... o 3 oco
| . oooo o, o
. | . . . ooooco o 00
S . go ooO oogggoo ° -
E 000 oooo v
g o ‘ ooo
V8] oao °°°° o °
y w 2 °°°°°°z° \
.CL : ooooo%o i /
. < : . oooooc /
' -— : °:,ooo (
L.() : . o°° oooo \ /
.. o- . °°°° oO°°° LY :
| : -‘. oooooooooo
g 4.' pos °o°°g
"n ¢ oooo ogo .
v: | : 00000*000 0 .-
. O . °ooocooooﬁ —_—
‘ ooooo 00000000000 o. -4
-' g oooooooooooo°°°°° [} w o
-‘.' oooooooooo O, a w
-'. c>°°ooc\o<3° ™ g (@] -
. ‘ oooooooo (7] '-
oooooo oo L Oo 2 : <
ooooo o°° 9 Q.
: ooooo 000 ] < [=]
.. | ooo ooo - u.-
“ °°°°° (6] Qo
3 :O < &J
: o
. . < O
- : m —E I
y ’ . w
3 : oy | | |
- .:. oo
e i o . .
5 o \
o s 8 :
XX —‘
e <
©, u m
°°n° w ’—
p ooo uh
L ooo w
A oo
TE - o
86
N o
Q.
-
z O _J
L e 6 §
E =
T
O 8 m
& : 8
v : 8
-l j —l S
3 -
U LT- 2
: (&)
[ - :
- ; ]<:
g [&]
. D E




14 NVd
NH311vd ONITVOHS

ildSd

oo
655 ~
00,
~
)
0000000,
©.0.0.0°0.0

OS1v10

00000000000

000 0_O OOMOOOO

O

149

0

71300W

S W 3:A1010Hd

14 000€
S37VvOS

0

£
oooomoo
0 0°0-0-020-0 C
020006 200cCe020 02000, OO0

o

C .
()

©.00.0-0.0

. . . l
IN3WINI0ddVSTd
K3IdVO . A

Mttedend 3 f

4NOOS d0 3IONVHD ON
74 14 1-0
43IA0 ANV 1114 14 L

aN3IO3

¥ )

O
o,
S
>

— :%6%2020C0C0CoCeC0P020 0 0ol
0.0.0.0.0°0°0 00000 G
0000000 0000
0000000 000 d
(o 2(e (e (¢) (e e) () 0.0
00 OO OO OOOOO.
00000 0 0 0 00X 020X 0000
000000 ) X o
0 0.0 00 o, & 0000
000 () 0000
() 020C 02020 o e Moo 0200
20.00.0000000.0.0.0.0
0.0.0.0.000.0 00
0000000000 0.0 0.0 )
I IC MMM i MMM M MMM X
0 000 00 O O
O 0 O
o 000,
X )
R LR
0000
Vo
y A
0°0°0 2o
o
d
o 02020000
54
Qe 0.0
cooooaco”
020
3
b
« o.
\
o 2,
o d
0 0 g%
. owooooo ) n\\\
A .
. N 0.0.0,
... NO02V3d i X
R N T 00,000, 0.0,

v
b'yoo

3
 —

21410VvVd

PLATE 87




£ PLAN A0 - 4,390,000 CU YD

7

PLAN CO0 - 8,700,000 CU YD
M PLAN C? - 7,870,000 CU YD

i
w

Q

(o]

=

w

(o]

| 1 | | | | Z

o

-

= o g
o SRS T

5o T =

2}

- 2 0

PLAN C2 - 5,770,000 CU YD

NN

08\ P22,
00t1L

AR \\\ A R Y
ove ULLITHTIERTTTITGIINTIN o

ovee

AMMNNNNNIN

v 062\ Pz zzzzzzz22;222222224
] —

0112 Y
oziL IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlII °

08S Pz
NN

\\\\\\\\\
0z9 QUL

ozttt

0
RIVER MILE

-0.5

o
A ..
o101 IIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

00EL E
08zZ1L

-1 .0

-1.5

3500

3000 p—

1500 p—

| P | L1
T ¢ g @

aA NO 0001 ‘JANTOA DNIDA3HA

DREDGING VOLUMES
COLUMBIA RIVER ENTRANCE

2-FT OVERDEPTH
PLANS A0, CO, C1, AND C2

PLATE 88

o

Al adadinkon da k.

Y




9 4
[« ]
E -
<
00 NVd .
T1300W HNOJS HO 3IONVHD ON (] - A
H | . T
NY311vd SNITVOHS 139 i o M4 14 10 ’
SR 30A1010Y4d :
H3A NY 13 134 | B '
14 000€ 0 N0 a 4 1
.8
S37vOS aN3o31 .
]
. ..Mo(o< 37000 aMM( cuowoMocn R
0 0 Mawoooooo A
020002 P "
05000, 0000060
S o 0%, o
() o 0000 -~ '
b K
(@)
. R IO .
-4 .omomomooo.oooowowo ooowoooooooooo 0 3

Vv
b’_;oo

(+)

. MD00vad et

Sa® o0 a .ooo 0.0, 0




oo

T

10 Nvd
NY31lvd ONITVOHS

S 300w HNOOS HO 3JONVHO ON [

149 0
T4 14 -0 T3
.PuOO] 3dA10108d H3IA0 ANV T4 13 | B
S371vOS RIYEGER

00 0 0 AP0 0. 00 O D

e® a0 /N&(Q ....o

2.0 g0 o PR ALY

Polo 0 0000 002 Ce e P!

21419Vvd

ooooooooooo
GOCHPCRR

v
bsnjc>

0.0 W0 0000000

000000000, 0200202050,

0000000000006 00000
o.wowowomowouo...owowowom .

DO

A LNIWLNIOddV!

. HO0OVId i

PLATE 90



R s PRt dnedrnd b o i PR e

Z0 Nvd
NH3L1Vd ONITVOHS

G E 1300w ¥NOJS YO 3IONVHO ON [

149 0
M4 13 10
ALOLOYd
too] 3d HIAO ANV 114 14 | B
$37V0S

0§
.
.

-

- ONVISI :

0000

00
°°0
0 Q

o
O:O

(»)
:

°°°O°°°°°°°°

©
o,
ﬁ%
=)
4
<
[7]

DC
- )

\ INIWLNIOddV

O,

0.0,
0,00

ogo
°°°
0.0
°0
(+)
()

000
0.0, 0000000

0o

°°O

()
°o
O,

(=)

O

o,
2/1410Vvd

(=)
O,

OOO

0.0,.0.0,0.0,
%%bbbbo

A
b':?ao

2 11dS ] g oo
P 1 HO0OV3d seffamleceiciie

24 a8 o lc. 00,0

3dvo "

Dloaliaca’ L]

(o (=)

PLATE 9N




T ———

e e A Sl Aafit)

Ll B g Buet e At st cbl i mes i A

QA ND 0001 ‘3IWNTOA ONIDA3HA

| | 1 I B ]
-— Q
o6t | om—— ~
ozﬁm
062
[ |
0SLT =
OPET
F_ ov6 o
ov8e E —
- ol 1 TTryryrrrs Ty, Ty rm e .
5 oz + WA ©
B MR
RYZY W
| ees ’
332 17
g8 8 M
S2g 0571 T
| 3283 010} (UMM o
< w6 '
] ] )
Qo [414:3
<08 019
- 3232 o6t L) =
- Jd []
[- W - Wy -1
J 0cs
@88 oLt
L_ [/74 :'
1 | | L | 1
S o
i & 3§ ® @ & ¢

RIVER MILE

DISTRIBUTION OF MODEL
DREDGING VOLUMES
COLUMBIA RIVER ENTRANCE
2-FT OVERDEPTH
PLANS A0, CO, AND I0

PLATE 92

PO W Wy




™
- o
S w T
0l NVd < g
[ NH3ILIVd ONITVOHS SR 300W H4N0JS HO 3IONVHO ON (] 3 4
3 149 0 14 14 10 ) & :
- 14 oooI”In o 344101044 H3IAO ANV 1114 14 | EE ]
h K
, SERLEE NEGRER N
_.., ..A
: e o :

(-)

()
o,
()
()

()
0,
)

P
(-)2)
00050t
o000
o505
()

()
O,
O,

()
0.4
O,
O,
O,
()

O,
()
O,
O
)
O,
O,

°°
O,
O,
()
()
O,
O,
O,
()
O,
()
()
()
()
O,
()
O,
)
O,
()
O
°O
()

Bl
()
(2)
(+)
()
O,
()
()
()
()
()
)
(2)
)

O,
)
O,
()
()
O,

O,
)
()
(+)
O,
()
O,
)
)
O,
(-)
()

O,
O,
O,
()
()
()
()
)
()
()
()
)
O,
O,
()
O,
°0
O,
()

21410vd

()
()
)
O,
o
O,
()
O
O,
(-
()
(<)
()
(+)
()
O,
)
O,

DGR 0000020 0
D/

9 Dy « e
a0 oe IR0 00000000,

e 000002 0000202050
00, 0,0 0000020000

000020,
B0 000020000000 020 020!
G ¥ ooooooooooo&oooo

5 O
ooocooooooomcof

¥ 000 0,0, GeRiNORO .
.o.ooxo U N )

OOO,‘ P.0.0.0.0

)

‘4
b";oo

p.2.0.000
00000000
-

0.°0.0.0




<. e S .- L et aad
RICRE OSSN I, B A RTINS

o w
an
oWg 8
S=acy
SkEE 2
wo2Za <
00 mg -
>cdo
T 1T T T T 1 zZ, 88
FZ %0
m 250 <
05
ozo: (I E €2 &
n0o
- =2 g ©
oeve LS\ P 77,
0E7 L lmmririr’irseeSS
| ovee ﬂﬂﬂmnmﬂﬂﬂﬂm TG m g

086\ 7727222222222 2222727722222

oLvz
| 77 M e )
oLizZ Ill||IIIIIIlIIIlIIIIIIIllIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII o
4
ouzt 086 7777777727 =
— oz EEIImmriRrseTrTT,TRhy © .
0.6 \IIIIIIIIIIIIIIIIIIII|||||||I|II||||I >
[+
[a}
| £2 3 S w0
22032 9
°°§ © o VS| 7777777777727
0081
§§§§ 082 1 BN
F § 2 B 092zt lIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIlIIIIII Q
T L= -
MR 8L
8 8 G S oL6 =
L zzzz 019 muumuummm @
5 5 5 - T
a o aa
N8E8
- o
(3]
1
| | | | | |
¢ § 8§ & 3§ & g -
= o~ ~ - 2 w

QA ND 0001 ‘IWNTOA ONIOAQ3HA

PLATE 94




-, v

b“

~

AR e

]

w

—TwTerTw

o ey

09 NvV1d

NH311Vd ONI'TVOHS EolHlo 1300W HNOJS HO 3ONVHO ON (]

B 34A1010Hd 4 14 1-0 .
14 0008 0 H3IAO GNV 1114 14 | E

SERL

aN3937

“©
b
O
B!
O

mpenet”) - 0
0000 (o)
() l"
0% z W
o A
0 Qg e, W
g %
BO
ooooow & &
o b £ N-
000
o0, Wwo .t e ety ’
20l A - ANVISE 3 oA L.
sl - aNvs. FRTULIEN B/
o TP : N0V Id :i] e
PR R YEEPCI LT R 0000

PLATE 95

LN




Ta__a s

r..
1
¢}
19 NV 1
g NH3I11VYd OZA__.._<OIw T 1300w HNOJS HO 39NVHD ON [ .~
: 119 0 T4 13 10 T .
Bl 34A1010Hd o
[ 3d HIAO GNV 1114 14 | E
b 14 000€ 0
3
3
). S37VvIS YEBGER
g
{ 4
b’ S R VL VRV VR VRV T 4
; n,..wcmowowowomowommmowomowoowooooooo < "
/ ©.0-0-0-00°0°0 oo’ © .
r. A‘
0,070 00l b
" 02020°0CcC0% 0% b
B 0000000000, (o]
’ 0,000 0.0,
’ 0.0.0.0,0.0.0.0_Co0°0; -~ K
‘ 0000000620020,
g K .
a o ODOOOOOMOMOMOMOMOOOMOMOO OOMOMOMOOOO ™ L
- o o CeC000C058e0 05, ooooooooooooc -~ -4
{ 3 SaRC. 0°0°0°0C6 2% o )
V B
‘
o ]
» ]
(¢) co '/ . _
0000 O N
X 000000 Moo\ ’ JO 3
00,
0,020-0-0-0-0,
©°0.00°0.0,.0 ) ) O 4
0°07020°0-0°0; o— WX X A
000 0e0Co0e 06 A (IR 00 02000, by -
! 00000 000000 OO % o Ao g
0000020°0°0 20 cCo0 o, ¥ h % %
c 00, 0,0.0.0°0 < ol ) 0,000 W
b c G 00
. (@) 7S o
‘ k]
.

N3dvIo | °

.
it
P WA AN A,

PLATE 96




29 Nvd

NH311lvd ONITVOHS

" 1300W

149 0
T4 L4 1-0
@R 34A1010Yd 4 e
14 000¢ 0 H3IA0 AONV 1714 14 t
S3IvosS

anN3oaN

G
oomowowomomouoo
00000

O.w.(w..
K 3dV . Wiaaiiald

ot po’a’ g’ Oy

HNOOS HO 3IONVHO ON (]

21410Vd

Y
bgngo

’

PLATE 9




IH GNV '0H 'OV SNVd 1
H1d3QYIAO 14-Z %
FONVHLINT H3IAIH viBANT0D
SANWNTOA SNIDA3HA A
T3A0ON 40 NOolILNglylsIa ]
37IW ¥3AIY
0z Sl ot 50 0 50 ol- gl- oz :
Z=Em . ‘ I I y ,
= ,
or
= :
— 7 e 28 —j00s
\ : 88
\ . |
- “ o 0001t Q
m m 3 mm J m e
W m > 8 4
L CO | 2 3
- S s -1 005l < o
o8 b4 ) ,
C
H
= m
— 2 —{ o000z =
S g
& o
Cc
= oosz 3
j QA ND 000'0LO €L - LH NYId D -] 000t
. T m QA ND 000°0LL'ZL - OH NV1d €23
- 8 GA ND 000°06E'Y - OV NV 1d 3
| _ ,w_m | &1 | I _ | _ 008 o )
. E -.-
b, - .
’ < |
. a




L pahe mage 4

g

OH NV1d
NH3ILIVd ONITVOHS E] 1300W HNOJS HO 3IONVHI ON 3
B 34A10104d 4 13 0 O
14 000€ 0 HIA0 OGNV 14 14 | BB
$31v2S

anN3on3an

R 2

o P T ]
_m_\m dOSL ] N
09 »
, oooo %
i o.wnm ” fa () o
00 N 00000 0 -~
2% 9,50 NS 050005020, 20 o |
M Q OO Q) -~
oot 00 oo os0%o ax o0, O
0000 X $009:0; P00
() W 4 () (> Oooooo QM >
o
0202020, 0
o )
00
% bov
(+)
Co’0 N
(<)
o ﬂ
u“ ()
00000 ‘N-
m.uno%o N
0002050, .
0000, .. . .
b2020200, .
202000503 .OZ(JW_ .
o, .. . ) .
) OZ(W ¢ O, .
LA Tt : .
X AT R v..OOO(.wm B R0

v

PLATE 99

mdiel ol oX.a

N L.




| AN | ARRACACAEAED fheh NESE RS AL S & SetihElont

By 4

LH NvYd
NH311vd ONITVOHS BN 1300W YNOJS HO 3IONVHO ON [
E[ 3dAL0LOYd e 4 10 3
14 000¢ 0 d H3IA0 GNY T4 14

S31vaS " 'EGE:

~_ 0000000000000 0
ettty .05 o Wowowooooowooooaoowooomowowoo
o e . 0.0, 0.0.0 o A
> - & o
1 11dS dOS LV AR P EATva I -, N 7 X R N
5 NVMOMOO 950502 o o ) ) S
- 00020202020,
P 0000000000000 O
h 0 Mo o ~
0 0,0°0°0.00 s
. 28 b QN SRRRRER ~
O
f 0J0%0% ~
f OO Q
200 0 N X
()
R acoy 0000,
o - IO 0
2]
- -7 A m
N A
' X (*)
cm - <
, Y= :
: J G
) ) N-
, o COCX 4
lmoooooo A % ooda% X Mv... ... T.
: g CANVISE A e NN S
P, oF o
X .n..OZ<m T, INIWAINIOdAVSIa T 1dS - -
o e e 3 “NK3dVD |, N, . X000V 3d 3 .
(*) ‘e ®y 0908 4 00 eI A WO i tet es s

PLATE 100




eDaing Sach ARy, DARNARS fae sxtind SRARES B 4 JLAN J Al

PSS T PR P v v

OH GNV '0D 'OV SNVd
H1d3AH3IAO 14-T
FONVHLINT H3AIH VIGBWNTOD
SINNTOA ONIOA3HA
13A0N 40 NolLngiyisia

PLATE 101

3TN H3AIY
0z gl ot §0 0 50 0't- g I- 0z 0
[ T I ZE
= i
3 =
— w w
— Ww g a3 —j 00s
o 2= > ©
N \m =
Z=
| - 4 Z=1 —ooot $
3 8 3 " m
3 2 | ZE o
I ° 3 ] 3
8 S
C
| 2
F m
3 p— m —1 0002 m
g b~ 3
, = p
5 =) c
N
L - g L 00sz §
3 . o dA N3 000°0LL'TL - OH NV1d WD — 0ooe
. 8 dA N3 000°00L'8 - 00 NV1d EZA
b ° dA ND 000°06E'Y - OV NVId 3
w
N
2 | 1 1 | | 1 | 005

T ey,
e
——







